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Preface 

Accurate  data  on  the  thermal  conductivity  of  materials  of  construction 
at  low  temperatures  are  essential  in  the  design  of  cyrogenic  equipment. 
Such  data  on  pure  metals  also  have  important  applications  in  basic  physics. 

This  Circular  is  issued  to  satisfy  the  need  for  a  complete  and  authori¬ 
tative  compilation  of  the  useful  data  on  thermal  conductivity  at  low  tem¬ 
peratures  given  in  the  widely  scattered  and  extensive  literature  on  the 
subject.  Although  the  Circular  is  not  primarily  a  critical  compilation,  the 
text  indicates  a  method  that  might  be  used  in  choosing  between  conflict¬ 
ing  data. 

It  will  be  noted  that  there  are  wide  unexplored  regions;  much  experi¬ 
mental  work  remains  to  be  done.  It  is  hoped,  therefore,  that  this  Circular 
will  stimulate  additional  measurements  and  indicate  the  areas  in  which 
data  are  most  needed. 

A.  V.  Astin,  Director. 
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Thermal  Conductivity  of  Metals  and 
Alloys  at  Low  Temperatures 

A  Review  of  the  Literature1 

Robert  L.  Powell  and  William  A.  Blanpied* 


An  extensive  compilation  is  given  of  the  measured  values  of  thermal  conduc¬ 
tivity  for  metals  and  alloys  from  room  temperature  down  to  approximately  0°  K. 
The  more  extensive  and  important  data  are  plotted  in  48  graphs.  The  tables  and 
graphs  for  the  metallic  elements  and  alloys  are  essentially  complete  for  literature 
reference  from  1900  to  early  1954.  For  comparison,  several  graphs  and  tables  are 
given  for  some  representative  dielectrics. 


1.  Introduction 

1.1.  Scope  and  Arrangement 


The  thermal  conductivity  values  of  three 
types  of  solids  are  presented:  (1)  metallic  ele¬ 
ments,  (2)  alloys,  and  (3)  dielectrics.  Very 
little  discussion  is  presented  on  the  qualitative 
theories  or  significance  of  the  various  experi¬ 
ments.  Recent  articles,  as  indicated  under  each 
material,  usually  will  contain  comments  on 
these  aspects  of  conductivity.  Under  “metallic 
elements,”  the  materials  are  arranged  by  peri¬ 
odic  groups,  beginning  with  the  alkali  metals. 
Under  “alloys,”  the  materials  are  arranged  in 
this  same  manner  by  major  component.  In 
group  3,  several  dielectrics  are  included  for 
comparison.  A  list  of  the  figures  and  tables  is 
given  in  section  2.1. 

The  professional  abstract  and  leading  re¬ 
search  journals  were  searched  for  references 
dating  from  1900  to  the  spring  of  1954.  It  is  felt 
that  the  compilation  is  complete  for  the  metals 
and  essentially  complete  for  the  alloys,  but  only 
a  few  representative  references  are  given  for 
the  dielectrics.  Conductivity  values  were  col¬ 
lected  for  the  temperature  range  approximately 
0°  to  300°  K.  Many  of  the  references  contain 
information  for  room  temperature  only,  and 
conductivity  values  from  these  are  given  in  the 
tables  only. 

The  letters  at  the  left  end  of  the  curves  are 
a  code  to  the  names  of  the  authors.  The  sym¬ 
bols  at  the  right  end  of  the  curves  indicate  the 
material  tested.  Conductivity  values  in  the 
graphs  and  tables  are  given  in  units  of  watts 

tThis  work  was  supported  by  funds  from  the  U.  S.  Atomic 
Energy  Commission. 

•Present  address:  Yale  University,  New  Haven,  Conn. 


per  centimeter  degree  Kelvin  (except  for  a 
few,  which  are  in  milliwatts  per  centimeter 
degree  Kelvin) .  A  table  of  conversion  factors 
is  given.  Arrows  on  the  bottom  of  the  graphs 
indicate  the  normal  boiling  points  of  helium, 
hydrogen,  and  nitrogen,  and  the  melting  point 
of  ice,  respectively.  A  bibliography  (nearly  all 
dated  after  1900)  is  included  at  the  end  of  the 
Circular.  It  is  shown  in  the  tables  when  other 
properties  of  the  samples  have  been  measured, 
such  as  electrical  resistance,  thermal  electro¬ 
motive  force,  and  specific  heat,  which  are  sym¬ 
bolized  by  R,  emf,  and  Cp,  respectively. 

The  units  in  the  tables  and  graphs  are  usually 
watts  per  centimeter  degree  Kelvin.  These 
may  be  converted  to  other  systems  of  units  by 
use  of  the  following  factors: 


To  convert  to — 

Multiply  by — 

Cal/cm  deg  K 

0.239 

Btu/ft  hr  deg  F 

Btu  in/ft-  hr  deg  F 

57.8 

693 

The  preparation  of  this  Circular  required  the 
assistance  and  cooperation  of  many.  Foremost 
among  them  was  Charles  A.  Meizner,  who 
plotted  most  of  the  graphs  and  analyzed  some 
of  the  original  research  papers.  The  coopera¬ 
tion  of  the  many  authors  and  manufacturers 
who  supplied  reprints  of  their  articles  and  man¬ 
uals  for  use  in  this  study  is  acknowledged. 
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2.  Figures  and  Tables 


2.1.  List 

METALLIC  ELEMENTS 


Material 

Figures 

Tables 

(page) 

Number 

Page 

Aluminum 

3,  3a 

8,  9 

8 

Antimony  . . 

20 

36 

36 

Beryllium 

2 

6 

6 

Bismuth 

20 

36 

36,  37 

Cadmium 

15, 14a 

27,  26 

26 

Carbon  (graphite).. 

17 

30 

30 

Cerium 

21 

37 

37 

Cobalt 

8,  9 

16,  17 

17 

Copper 

11, 11a 

20,  21 

20,  21 

Gallium 

16 

29 

29 

Germanium 

18, 19a 

31,  35 

31 

Gold _ 

13,  12a 

24,  23 

24 

Indium 

16 

29 

29 

Iridium 

10,  10a 

18,  19 

19 

Iron 

8,9 

16,  17 

16 

Lanthanum 

9 

Lead 

19,  19a 

34,  35 

34 

Lithium 

1 

5 

5 

Magnesium 

2,  2a 

6,7 

6,7 

Manganese 

7 

14 

15 

Mercury 

15,  15a 

27,  28 

27 

Molybdenum 

6,  6a 

12,  13 

12 

Nickel  . 

8,  9 

16,  17 

17 

Niobium 

5 

11 

11 

Paladium 

10,  10a 

18,  19 

18 

Platinum 

10,  10a 

18,  19 

19 

Potassium. 

1 

5 

5 

Rhodium 

10,  10a 

18,  19 

18 

Silicon 

30 

Silver  ... 

12, 12a 

22,  23 

22 

Sodium 

1 

5 

5 

Tantalum 

5 

11 

11 

Tellurium 

21 

37 

37 

Thallium 

16 

29 

29 

Tin 

18, 18a,  18b 

31,  32,  33 

32 

Titanium 

4 

10 

10 

Tungsten.  _ 

6,  6a 

12, 13 

12, 13 

Uranium 

21 

37 

37 

Vanadium 

5 

11 

11 

Zinc 

14, 14a 

25,  26 

25 

Zirconium 

4 

10 

10 

ALLOYS 


Material 

Figures 

Tables 

Number  j 

Page 

(page) 

Alkali  metal 

38 

Aluminum 

22 

40 

39,  40, 
41 

Antimony _ _ 

29 

54 

55 

Beryllium 

... 

1 

38 

Bismuth 

29,  29a 

54, 55  ! 

55 

Cadmium 

29 

54 

53 

Chromium 

42 

Copper 

27,  29a 

49,  55 

48,  49, 
50,  51 

Copper-nickel 

28,  29a 

51,  55 

51,  52 

Gold 

26 

47 

52,  53 

Indium 

29,  29a 

54,  55 

53 

Iron: 

Carbon  steel _ 

23,  24 

43,  44 

42 

Deoxidized  steels.. 

24 

44 

45 

Silicon  steels _ 

43 

Corrosion  resisting 

steels 

23,  24 

43,  44 

43,  44, 
45 

Lead  .. 

29,  29a 

54,  55 

54 

Magnesium  _ 

2a 

7 

38,  39 

Mercury  .  .  . 

_ 

_ 

53 

Nickel..  .  _ 

25 

46 

45,  46 

Palladium 

26 

47 

47 

Platinum _ 

26 

47 

47,48 

Silver  . 

26 

47 

52 

Thallium..  .  . 

29,  29a 

54,55 

53 

Tin  .  .  ... 

18a,  b 

32,  33 

53 

Titanium...  .  . 

29 

54 

41 

Tungsten  _  _  . 

_ 

41 

Zinc 

— 

— 

53 

DIELECTRICS 


Beryllia  .  . 

32 

60 

60 

Diamond 

30,  30a 

57,  58 

57 

Disordered  di¬ 
electrics 

33,  33a 

62,  63 

62 

Ionic  crvstals 

32,  32a 

60,  61 

60 

Miscellaneous 

__ 

56 

Quartz 

31,  30a 

59,  58 

59 

Sapphire 

30,  30a,  32 

57,  58,  60 

57 

2.2.  Metallic  Elements 


The  variations  of  the  thermal  conductivities 
of  metallic  elements  with  temperature  are  given 
in  figures  1  to  21.  The  main  figures  (those 
without  a  or  b)  have  the  higher  temperature 
curves;  usually  the  temperature  range  4°  to 
300  ’  K.  When  there  is  sufficient  data  in  the 
liquid-helium  range,  there  is  a  supplementary 
graph  for  the  range  from  approximately  0°  to 
5°  or  10°  K.  The  graphs  are  arranged  by  peri¬ 
odic  groups,  beginning  with  the  alkali  metals. 
A  summary  table  is  included  for  each  graph, 
giving  for  each  element  a  list  of  references  to 
research  papers  on  the  thermal  conductivity  of 
the  element.  The  first  column  contains  the 
chemical  symbol  and  the  property  or  composi¬ 
tion  identification  on  the  curves  if  the  data  for 
the  author  reference  are  plotted  on  the  graph. 

Not  all  the  available  data  are  plotted  on 
graphs.  If  measurements  were  made  at  only 
1  or  2  temperatures,  representative  conductivity 
values  are  usually  given  in  the  “Remarks”  col¬ 
umn  in  the  corresponding  table.  When  several 
authors  report  values  that  are  nearly  identical, 
the  report  that  was  published  first  is  usually 
represented  on  the  graph.  There  are  exceptions 
to  this  when  the  results  of  a  later  author  are 
more  accurate  or  more  extensive.  In  most 
graphs,  where  there  are  more  than  one  curve  for 
a  given  element,  the  graph  showing  the  highest 
conductivity  is  considered  most  likely  to  be  rep¬ 
resentative  of  that  of  the  pure  material.  The 
higher  values  are  associated  with  the  more  pure 
material,  adequate  annealing,  and  large  crystal 
size. 

In  the  commonly  accepted  theory  for  the 
conductivity  of  metals,  there  are  two  mechan¬ 
isms  for  the  conduction  of  heat.  In  pure  metals 
nearly  all  of  the  energy  transfer  is  by  electrons. 
In  dielectrics,  there  is  also  a  transport  of  energy 


by  the  lattice  vibrations.  However,  the  relative 
contribution  of  this  latter  mechanism  is  insig¬ 
nificant  except  for  alloys,  impure  metals,  and 
the  semimetals  like  bismuth.  The  transfer  of 
energy  by  electrons  is  impeded  by  several  scat¬ 
tering  mechanisms.  At  temperatures  above 
about  20  K  the  main  scattering  agent  is  the 
metallic  lattice  itself.  Below  that  temperature 
the  scattering  due  to  impurity  centers  and  lat¬ 
tice  defects  becomes  increasingly  more  impor¬ 
tant.  In  the  temperature  range  from  several 
degrees  to  about  40°  K,  the  conductivity  of  a 
pure  metal  may  be  expressed  closely  by  the 
equation 

1/k  =,  «T-  I  p T->. 

The  term  <»T-  is  characteristic  of  the  lattice  of 
the  metal  being  investigated;  the  term  /?T~> 
represents  the  scattering  due  to  impurities.  The 
latter  term  is  related  to  the  residual  electrical 
resistance.  Experimental  values  for  a  and  p 
are  given  in  the  tables  when  the  authors  in¬ 
clude  these  values  in  their  research  reports. 

Several  physical  and  chemical  properties  of 
the  sample  affect  the  conductivity  directly.  As 
the  purity  of  the  material  is  increased,  the  con¬ 
ductivity  maximum  rises  and  is  shifted  toward 
lower  temperatures.  The  thermal  resistance 
caused  by  impurities  is  not  additive — small 
changes  in  purity  can  cause  very  large  changes 
in  the  conductivity  near  the  maximum.  At 
higher  temperatures,  however,  the  effect  is  not 
as  important.  Cold-working  and  hardening  re¬ 
duce  the  conductivity  and  for  that  reason,  other 
things  being  equal,  the  annealed  samples  will 
have  a  higher  conductivity.  For  some  single 
crystals  the  conductivity  depends  upon  the 
direction  of  heat  flow.  For  several  metals  that 
are  anisotropic,  curves  are  given  for  various 
crystal  orientations. 
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CONDUCT!  VITY,  w /cm  deg  K 


HSCKHii  flltilflil! 


iiilUlIkii 


■fliffUliilii  i.*  . . iHiH  -  iiUiitii:uiii8aaUlHHHH>aWH*lilSS| 

linmiiiliiiiimiflljifflmMliBilHBBHHHHHHMHHIHHl 


illiiillliiiiiilglisilUiiiniiiiiiiBiiig 


lithium 


Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

Kahlbaum;“very 

pure”. 

Cold-worked :  handled  in  COj  at¬ 
mosphere;  R. 

Extruded  and  mounted  in  glass 
tubes;  cycled  thermally;  R. 

W.  Meissner 
(1920). 

C.  C.  Bidwell 
(1926b,  1925, 
1926a). 

Bi . 

POTASSIUM 


Ho. . 

Eimer  and  Am- 

Melted  in  vacuum;  cast  in  glass 

J.  W.  Hornbeck 

end;  "very 
pure”,  free  of 
Fe,  Ca,  Mg, 
Al,  trace  of 
Na,  by  chemi¬ 
cal  analysis. 

under  vacuum;  R. 

(1913). 

SODIUM 


Curve 

Sample  source 
ana  analysis 

Remarks 

Reference 

Melted  in  vacuum;  cast  in  glass 
under  vacuum;  obtained  *=  1.34 
at  5.7°C,  1.33  at  21.0°C;  R. 

J.  W.  Hornbeck 
(1913). 

end;  "very 
pure”  free  of 
Fe,  Ca,  Mg, 
Al,  and  K  by 
chemical  an¬ 
alysis. 

Bi . 

Extruded  and  mounted  in  glass 
tubes;  cycled  thermally;  R. 

C.  C.  Bidwell 
(1926b,  1925, 
1926a). 

B.McD.  2. 

British  Thom- 
son-Houston; 
0.01  to  0.1% 
Ca  and  Al. 

Melted,  cast  in  vacuum;  cast  into 
soft  glass;  R. 

R.  Berman  and 
D.  K.  C.  Mac¬ 
Donald  (1951). 

B.McD.  2 

Philips;  trace  of 
A«. 

Melted,  cast  in  vacuum;  cast  into 
soft  glass;  R. 

R.  Berman  and 
D.  K.  C.  Mac¬ 
Donald  (1951). 
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CONDUCTIVITY,  w/cm  deg  K 


Sample  source 
and  analysis 

Remarks 

Beryllium  Co. 
Am.;  comm, 
pure;  traces  of 
Al,  Mn,  Crt 
Fe,  Si,  and 
Mg:  total  im¬ 
purity  y2% . 

Physical  imperfections  noted;  R, 
Cp,  and  emf. 

Degussa  Co.; 
“high  purity”. 

Residual  resistance  1%  of  Rstj; 
single  crystal  with  heat  flow 
parallel  to  hexagonal  axis; 
studied  effect  of  magnetic  field 
on  R  and  k. 

_ do . 

Same;  except  rod  axis  perpendicu¬ 
lar  to  hexagonal  axis;  binary  lat¬ 
eral  axis  inclined  to  rod  axis  by 
2°,  12°  and  30°;  showed  anisot- 

ropy. 

_ do . 

Same  as  G.  Ad . 

Reference  Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

"Pure" . 

A  =  1.57  atO°C;  R . 

(1929). 

(1881a). 

. do . 

*  =  1.72  at  0°C.  2.0  at  80*  K;  R. . . . 

J.  Staebler 

(1929). 

. do . 

*=1.72  at  0°C,  1.87  at  80°K;  R. .  . 

W.  Mannchen 

(1931). 

E.  Gruneisen  and 

H.  Adenstedt  . 

. do . 

*  =  1.60  at  18°C;  R . 

R.  Kikuchi 

(1938). 

(1932). 

M.R . 

Johnson,  Mat- 

Equation  a=10.6X10~s,  fl  =  1.25. 

K.  Mendelssohn 

they;  99.95% 

and  H.  M. 

E.  Gruneisen  and 

pure. 

Rosenberg. 

H.-D.  Erfling 

(1952a). 

(1940). 

Equation  a=8.6X10~5,  #  =  1.05. 

H.  M.  Rosenberg 

(1954a). 

H.-D.  Erfling  and  S . 

Dow;  manga- 

R . 

E.  G.  Sharkoff 

E.  Grfineisec 

nese  imprui- 

(1952, 1953ab). 

(1942). 

ties  as  marked 

on  graph. 

e 


MAGNESIUM  (Cont’d) 


Curve 

|  Sample  source 
and  analysis 

Remarks 

Reference 

K.S.W.  1 

W.  R.  G.  Kemp, 
A.  K.  Sreedhar, 
andG.K.  White 
(1953). 

they;  99.98% 
purity;.  01 3% 
Fe,  .0023% 
Mn,  .0013% 
Pb,  truce  of 
Si,  Cu,  Ag, 
Ca,  Na. 

K.  .2 

Annealed  in  vacuum  3  hr  at  350°C. 

Same  treatment  as  number  2 . 

Do. 

Do. 

K.  S.  W.  3 

—  do . 

R . 

Annealed  6  hr  in  vacuum  at  500°C; 
equation  a  *  8 .5  X 10"*,  Q  =  1.05. 

H.  M.  Rosenberg 
(1954b). 

they;  99.95% 
pure;  .03% 
Mn,  .0075% 
Fe,  .004%  Al. 

CONDUCTIVITY,  w/cm  deg  K 


ALUMINUM 


Sample  source 
and  analysis 

Remarks 

Reference 

“Pure” . 

Low  value  of  A  — 1.43  at  0°C;  R. . . 

L.  Lorens 
(1881a). 

0.5%  Fe,  0.4% 
Cu. 

*=2.01  at  18°C;  R,  Cp . 

W.  Jaeger  and 

H.  Diesselhoret 
(1900). 

Johnson,  Mat- 

Lathe  turned  from  larger  sample, 

C.  H.  Lees 

they;  99% 
pure. 

density  of  2.70. 

(1908). 

Commercial . 

*  =  1.93  at  0°C,  1.90  at  85°K,  1.59 
at  21.4“K. 

R.  Schott  (1916). 

Measured  the  effect  of  torsion  od 
the  thermal  and  electrical  con¬ 
ductivity. 

J.  E.  Calthrop 
(1926). 

5  samples  rang- 

Measured  at  20°  and  80^;  results 

E.  Gnineiaen  and 

ing  from  pure 

for  purest  samples  lie  just  below 

E.  Goens 

to  technical. 

curve  of  P.  S.  J.;  studied  effect 
of  grain  size  and  crystal  bound¬ 
aries. 

(1927); 

E.  Gruneisen 
(1927). 

“Pure” . 

*=2.26  at0°C,  2.55  at  89'K;  R.  . 

J.  Staebler 
(1929). 

_ do . 

*=2.26  at  0°C,  2.56  at  80°K;  also 
measured  R. 

W.  Mannchen 
(1931). 

Approx.  99.7% 

Two  samples  gave  values  at  0°C  of 

A.  Eucken  and 

pure;  technic¬ 
ally  pure. 

*=2.26. 

H.  Warrcntrup 
(1935). 

Had  field's . 

Brinnei  hardness  of  17 . 

J.  de  Nobel 
(1951). 

ALUMINUM  (Cont’d) 


Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

A.  W.S.  1 

Alcoa;  99.996% 
pure,  .001% 
Mg.  .001%,  Si. 
.0006%  Fe, 
.0004%  Cu, 
.004%  Na. 

Single  crystal;  residual  electrical 
resistance  of  1.19X10"*  Rst<; 
<*=2.7X10"*,  tf=7.04. 

R.  A.  Andrews, 
R.  T.  Webber, 
and  D.  A. 

Spohr  (1951). 

A.  W.  S.  2 

. do . 

Single  crystal,  R  =*  1.48  X  10"* 
R>7i;  a =2.72X10"*,  fl=6.06. 

Do. 

A.  W.  S.3. 

Johnson,  Mat- 
they;  99.995% 
pure;  .002% 
Mg,  .001% 
Si,  .0005%  Fe, 
.0005%  Cu, 
trace  of  Na. 

Poly  crystalline  rod;  residual  re¬ 
sistance  of  2.14  X  0"*  R*7»; 
a  =  2.72X10"»,  fl  =  4.05. 

Do. 

P.  S.  J . 

Alcoa;  99.99%  I 
pure. 

R.  W.  Powers, 

D.  Schwartz, 
and  H.  L. 
Johnston 
(1951). 

M.  R . 

Johnson,  Mat- 
they;  99.994% 
pure. 

Annealed  polycrystal;  <*=2.2X 
10~5.  =  2.3. 

K.  Mendelssohn 
and  H.  M. 
Rosenberg 
(1952a). 

Polyerystalline;  superconducting 
state;  representative  values  were 
.07  at  0.8°K,  .015  at  0.65°K,  .007 
at  0.37”K. 

and  C.  A.  Ren¬ 
ton  (1953). 

R . 

a  =3.2X10“*,  S  “0.23 . 

H.  M.  Rosen’  -erg 
(1954a) 
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LANTHANUM 


Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

H.  M.  Rosenberg 
(1954a). 

20“K. 
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CONDUCTIVITY,  mw/cmdegK 


Comm,  pom _  Abstract  o 

0.21  at  11 


Assoc.  Beet.  Ind. 
B«t  ^ 
land;  09.8% 
pan. 


*-0.20  at  27TK.  C.  J.  Rimey 
0.18  at  80TC,  0.12  L.  I.  BcseU 
ler  (1951). 


#—290 .  K.  Meadelauha 

and  H.  U. 


M.R.2...  8am«  soarce;  Annealed;  #>170. 
9909%  pan. 


Sngle  crystal;  eondoetmty  cod 
stant  from  SO*  to  100°K;  am 
454X10-*,  8-82. 


Rosenberg 

(1952b). 


H.  M.  Rosenberg 
(1954a). 


Sample  source 
ana  analysis 

Remarks 

Johnson,  Mat- 

Annealed;  <,-130X10-*  8-7# 

they;  98% 

pare. 

a*  125X10“**  fl-34 . 

and  H.  M. 
Rosenberg 
(1952b). 

H.  M.  Rosenberg 
(1954a). 
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CONDUCTIVITY,  mw/cm  deg  K 


CONDUCTIVITY,  w/cm  deg  K 


MOLYBDENUM 


Carve 

Sample  source 
and  analysis 

Remarks 

Reference 

A- 1.45  at  17°C . 

T.  Barrett  and 

R.  M.  Winter 
i  (1925). 

Philips:  "very 
pure  . 

Annealed  at  900°C;  k  **  1.44  at  0°C; 

W.  G.  Kannaluik 

R. 

(1931). 

Anoealed  at  220°C ;  *  « 1 .32  at  0°C; 

Do. 

R. 

KV 

.05%  Bi,  Cd; 
.01%  AL  Ge, 
8a,  Ti.  V,  W; 
.001%Co,Cu, 
Pt,  Bo;  trace 
of  C. 

R . 

W.  G.  Kannaluik 

(1933). 

M.  R. 

Johnson,  Mat- 
they;  99.95%  , 
pare. 

a~7-5X10~5,  j3=6.7 . 

K.  Mendebsohn 

and  H.  M. 
Rosenberg 
(1952b). 

R. . 

Continued  above  work  to  100°K. . . 

H.  M.  Rosenberg 

(1954a). 

TUNGSTEN 


Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

A*l.»atO°C . 

S.  Weber  (1917). 

*=2  at  ire . 

1  R.  M.  Winter 
(1925). 

Osram;  impure. . 

Single  crystal;  A  =  1.83  at  83°K, 
1.80  at  21°K. 

E.  Goens 
(1927). 

G.  Go . 

Philips;  'Very 
pure”. 

Do. 

One  sample  annealed  at  220“C, 

A  =  1.64  at  08°C;  another  sample 
annealed  at  1300°C,  *=1.66  at 
18°C. 

(1931). 

Ka . 

Phillips . 

Single  crystals,  only  higher  values 
plotted. 

(1933). 

Br.  H . 

W.  J.  de  Haaa 
(1936). 
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CONDUCTIVITY,  w/cm  deg  K 


TUNGSTEN  (Cont’d) 


Carre 

Sample  source 
and  analyse 

Remarks 

Reference 

*=■1.68  at  0°C . 

I.  Langmuir  and 
i.  B.  Taylor 
(1938). 

At  78°.  194°,  273°K,  approx,  same 
results  as  Kannaluik  (1933). 

| 

W.  C.  Michels 

and  M.  Cox 
(1936). 

G.  A . 

Same  as  G.  Go. 
above. 

Studied  effect  of  magnetic  Geld  and 
anisotropy. 

E.  Griineiaen  and 
H.  Adenstedt 
(1937). 

H.  N . 

8i*gle  crystal;  residual  resistance 
of  4X10~*  Ri;i;  measured  effect 
of  magnetic  held  on  k  and  R. 

W.J.de  Hass  and 
J.  de  Nobel 
(1938). 

G.  A . 

SameasG.  Go.. . 

Single  crystals;  graph  results  are 
for  a  sample  with  rod  axis  par¬ 
allel  to  (010]  crystal  axis;  for  an¬ 
other  crystal  with  rod  axis  par¬ 
allel  to  [100]  axis,  k  ->22.2  at 
21°K;  R. 

E.  Gruneisen  and 
H.  Adenstedt 
(1938). 

**=1.93at77°K,  l-87at  90"K,und 
1.89  at  (TC. 

M.  Cos  (1943) 

Extended  the  measurements  to 
higher  magnetic  fields. 

J.  de  Nobel 
(1949). 

above. 

M.  R. . 

Johnson,  Mat- 
they;  99.99% 
pure. 

Annealed;  a  -  10.2  X  10"‘, 
fl-8.9. 

K.  Mendelssohn 
and  H.  M. 
Rosenberg 

(1982b). 

B. . 

**~9.3Xlfr-»t  Q=  5.8.. 

B.  M.  Rosenberg 
(1984a). 
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CONDUCTIVITY,  mw/cm  deg  K 


Simple  source 
and  analysis 

Remarks 

Johnson,  Mat- 
they;  W.94 % 
pore. 

*“0.06  »t  83*K  for  the  3  phase  . 

Annealed;  ft -1200 . 

CONDUCTIVITY,  w/cm  deg  K 
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TEMPERATURE,  °K 


IRON 


IRON  (Coat'd) 


“P me” .  *=0.70atO"C. 


“Pore”,  .1%  C,  *-0.72  at  18“C . 

.08%  Mn. 

112%  Si,  .05%  1 
Co.  .03%  P, 

•03%P,  .02% 

.02%  8. 

0.1%  C+metale  Also  measured  R,Cp,emf;  *=0.67 

atirc. 


Krupp;  .1%  C.  I  Aleo  measured  R,  Cp,emf;*= 0.80 


99.42%  pure;  Wrought  iron . 

■1%C,  .14% 

Mo,  .13%  S. 

.  Electrolytic;  two  rods  with  aver¬ 
age  grain  rises  of  1X10“’  and 
8X10“*  cm;  *=0.94  and  0.90, 
respectively,  at  0“C;  * = 1 .84  and 
1.83  at  8D°K. 

Heraene .  Electrolytic;  average  grain  siie2X 

10“»  cm;  *=0.82  at  0*C  and 
1.17  at  80°K. 

“Donble  re-  Tempered;  electrolytie . 

fined. 


L.  Loreni 
(1881a). 

E.  Griineisen 
(1900). 


W.  Jaeger  and 
H.Diesaelhoret 
(1900). 


C.H.  Lea 
(1908). 


A.  Eucken  and 
E.  Dittrich 
(1927). 


E.  Griineisen  and 
E.  Goena 
(1927). 


Curve  Sample  aoaroe 

and  analyse 


.  “Technically 

pore”. 


Armco;  .01%  C, 
.02%  Mn, 
.008%  P, 
D26%8,.06% 
Ca,  .02%  Si. 


Hadfield;  99.- 
93%  pore. 

Johneon,  Mat- 
they;  99.99% 
pore. 


Johneon,  Mat- 
they;  99.99% 
pure. 


Two  aampka  untempered;  electro-  E.  Griineisen  and 
lytic;  *=1.36  and  0.91  at  83“K,  E.  Goena 
3.01  and  04  at  21*K.  (1927). 

Electrolytic;  *=0.77  at  18“C .  R.  Kikuchi 

(1932). 

*=0.7  at  (PC,  0.72  at  196*K,  0.94  W.  G.  Kannaluik 
at  90°K  (1933). 


Between  3°  and  20TC,  the  valna  J.  KmreB  and 
fall  just  below  the  curve  marked  K.  Schafer 

M.  R.  (1939). 

Forged;  *=0.9  at  90*K,  masimnm  J.  de  Nobel 
of  1.3  at  52°K,  04  at  16°K.  (1961). 

.  R.  W.  Powera, 

J.  B.  Ziegler, 
and  H.  L. 
Johnston 
(1961a). 

a-18X10-»,fl=94 .  K.  Mendeleeohn 

and  H.  M. 
Rosenberg 
(1962b). 

a  =  10.2X10“*,  3=9.8 .  H.  M.  Rosenberg 

(1964a). 


0  =  10.2X10“*,  3=9.8. 


16 


CONDUCTIVITY,  w/cm  deg  K 


NICK  El, 


COBALT 


Carve  \ 

.  .  . 

Sample  source 
and  analysis 

Remarks 

Reference 

*=0.60  at  18“C;  R,  Cp,  emf . 

W.  Jaeger  and 
H.Dieaselhont 
(1900). 

impure. 

L. . 

they;  99% 
pure. 

(1908). 

at  80°K. 

E.  Dittrich 
(1927). 

P  9.J . 

comm.  pure. 

D.  Schwarts, 
and  H.  L. 
Johnston 
(1951). 

Forged;  approx,  same  curre  as 
P.  8.  J.  from  93“  to  25“K;  at  15“ 
K,  *=0.18. 

J.  de  Nobel 

(1951). 

M.R. . 

Johnson,  Mat- 
they;99.997% 
pore. 

Annealed;  ot=22X10"‘>  3=4.4; 
measured  up  to  22“K. 

E.  Mendelssohn 
and  H.  M. 
Rosenberg 
(1952b). 

R. . 

Annealed;  a =10.4X10-*  fi  = 
4.6;  measured  up  to  40“K. 

H.  M.  Rosenberg 
(1954a). 

Curre 

Sample  source 
and  analysis 

Remarks 

Reference 

R. . 

a— 10.5X10-*  jQ— 7.9 . 

H.  M.  Rosenberg 
(1964a). 
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CONDUCTIVITY,  w/cm  deg  K 
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CONDUCTIVITY  w/cm  deg  K 
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TEMPERATURE,  °K 


COPPER 


COPPER  (Cont’d) 


Cam  |  Sample  aooroe 
I  and  analysis 


“Pure" .  ft-3st(TC. 


“Very  pore” 


“Tech,  pore" 


One  nmple  hid  Hr-3.fi  it  l(fC; 
the  second,  1 J  it  1<FC. 

*-3.9st  18TC . 


ft— 3.73  it  18*C;  R,  Cp. 


ft— 3.95  »t  20°C 


“Soft  drawn,  high  conductivity”; 
ft— 3.8  »t  27“C;  result*  it  10CPK 
ire  dose  to  the  P.SJ.  carve. 

Electrolytic  copper  wires;  values 
it  21“  91“  lad  273°  ire  dose  to 
the  W.-l  carve. 

Niton]  angle  crystal;  results  un- 
certs,  n  due  to  very  smill  sire  of 
simple. 

Approximately  oo  curve  of  W.-3 


L.  Lorens 
(1881s). 

7.  H.  Gray 
(1895). 

E.  Oruneasn 
(1800). 

W.  Jaeger  ind 
H.Dwelhowt 
(1900). 

W.  8ehaofeL 
berger  (1902). 

C.  H.  Lee* 
(1908). 


W.  Meissner 
(1815). 


Gen.  Eke. 


Measured  18  samples  of  various  E.  Gruneisen  and 
crystal  structure,  purity,  and  E.  Coens 
annealing  at  21*  and  83°K;  R.  (1927). 

Single  crystal;  between  95*  and  W.G.  Kannaloik 
300“K,  the  results  are  dose  to  andT.  H.Leby 
curve  W.-t.  (1928). 

Measured  14  different  copper  aim-  E.  Gruneisen  and 
pies  it  20°  and  90°K;  R.  H.Reddemann 

(1934). 

.  W.J.deHamnd 

T.  Biermass 
(1938). 

Studied  effect  of  magnetic  field  on  E.  Gruneisen  and 
ft,  R-  U.  Adenstedt 

(1938). 


R.  Schott 
(191«). 


Johnson,  Mat- 
they;  free  of 
0i;  .003%  each 
Ag,  Ni,  and 
Pb. 

Am.  Brass;  “0. 
F.  H.  C.” 


Machined  and  annealed . . . 


Osygen-free,  high  conductivity — 


J.  P.  Allen  and 
E.  Mendoaa 
(1947). 


R.  W.  Powers, 
D.  Schwarts, 
and  H.  L. 
Johnston 
(1961). 
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TEMPERATURE,  °K 


COPPER  (Cont’d) 


Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

B.  McD.. . 

Johnson,  Mat- 
they;  .0006% 
Ag,  .0003% 
Ni,  .0004% 
Pb. 

Cold-drawn,  then  annealed  6  hr 
at  450°C  in  helium  gas. 

R.  Berman  and 

D.  K.  C.  Mac¬ 
Donald  (1962). 

M.  R. . 

Johnson,  Mat- 
they;  99.999% 
pure. 

Annealed; a=3JX10-‘,  8-0.35. 

K.  Mendelssohn 
and  H.  M. 
Rosenberg 
(1952a). 

Ni.Ts..... 

Gen.  Elec.; 
"comm,  high 
purity". 

Polyerystalline  wire . 

| 

J.  Ni-ol  and 

T.  P.  Tseng 
(1963). 

W.-l . 

Johnson,  Mat* 
they;  99.999% 
pure;  same  as 
B.  MacD. 

As  cold-drain);  a  -  2 AS  X  10"*, 

a  *1.1*. 

G.  K.  White 
(1963c). 

W.-2 . 

_ do . 

Annealed  in  racuum  at  550°C 
for  3  hours;  a —  2.65X10'*, 
8 -0J1. 

Do. 

W-3 . 

_ do . 

As  coM-drawn;  same  as  W.-l . 

Do 

R. . 

O-2.5X10-*,  a-0-35 . 

H.  M.  Rosenberg 
(1964a). 

21 


CONDUCTIVITY,  w/cm  deg  K 


Sample  source 
and  analysis 

Remarks 

Reference 

Curve 

1.  H.  Gray 

(1895). 

99.98%  pare _ 

A-4 .21  at  18°C;  also  measured  R, 
Cp,  and  emf . 

W.  Jaeger  and 
U.Dieaselhorst 
(1900). 

M.  R. . 

Johnson,  Mat- 
they;  99.9% 
pure. 

Lathe- turned  (rain  a  larger  rod _ 

C.  H.  Lees 
(1908). 

Two  silver  wires  had  A- = 4.1 1  and 

4  04  at  (PC. 

W.  G.  Kannaluik 
(1931). 

llilger;  trece  a i 
Co,  Pb,  Bi, 
Mg.  Ca.  Na. 

At  90°,  195°,  and  273°K  values  are 
somewhat  higher  than  those  of 
Lees  (1908). 

W.  G.  Kannaluik 
(1933). 

W.  1-5.... 

Five  rods  of  silver,  varied  in  com¬ 
position,  annealing,  crystal 
structure.  At  20°  and  90°K  pure 
rods  had  values  close  to  curve 
W.-3;  R. 

E.  Griineisen  and 

H.  Reddemann 
(1934). 

R. . 

Sample  source 
and  analysis 

Remarks 

Reference 

Honig-achmid. . . 

Aiiuealed;  electrolytic;  A=31.4  at 
21°K;  measured  effect  of  mag¬ 
netic  field  on  k  and  R. 

E.  Griineisen  and 

H.  Adenstedt 
(1938V 

Johnson,  Mat- 
they;  99.99% 
pure. 

a =9.0X10"*,  fl-1.6 .  . 

K.  Mendelssohn 
and  H.  M. 

Rosenberg 

(1952s). 

- do . 

Measured  effect  of  magnetic  field. . 

E.  Mendelssohn 
and  H.  M. 

Rosenberg 

(1953). 

Johnson,  Mst- 
Ihcy; 99.999% 
pure. 

No.  1  was  unannealed;  #2,  an¬ 
nealed  at  650°C,  grain  aise  0.1 
mm;  #3,  cold-drawn;  #4,  the 
previous  one  annealed;  #5,  a  re¬ 
run  of  #4. 

G.  K.  White 
(J953b). 

Johnson,  Mat- 
they. 

a =5X10-*,  B= 0.3 . 

H.  M.  Rosenberg 
(1954a). 

CONDUCTIVITY,  w/cm  deg  K 


(See  next  page  for  the  table  on  GOLD.) 
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20  40 

TEMPERATURE ,°K 


300 


GOLD 


Con* 

Sample  source 
and  analysis 

Remarks 

Reference 

£  =  3.14  at  18°C . 

J.  H.  Gray 
(1895). 

:  W.  Jaeger  and 

H.  Dies8elhoT8t 
(1900). 

W.  Meissner 
(1915). 

T.  Barratt  and 

R.  M.  Winter 
(1925). 

ti.  Masumoto 
(1927). 

E.  Griineisen  and 
E.  Goens 
(1927). 

W.  G.  Kannaluik 
(1931). 

*=2.93  at  18“C;  a  less  pure  sam¬ 
ple  had  *  =  1.79  at  18°C;  R,  Cn, 
emf. 

Me . 

Mylius;  99.999% 
pore. 

*=2.95  at  17°C . 

*=2.98  at  24'C . 

Six  samples  of  various  composi¬ 
tion,  annealing;  R.  Results  for 
“very  pure”  gold  at  21°  and  83° 
K  fall  close  to  curve  W.-4. 

£=3.06  at  rC . 

GOLD  (Cont’d) 


Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

M.R . 

Johnson,  Mat- 
they;  99.999% 
pure. 

<*  =  18X10”*,  #  =  1.15 . 

and  H.  M. 
Rosenberg 
(1952a). 

W.  1,2 _ 

Garrett,  David¬ 
son,  Mat  they; 
99.9%  pure 
(comm.);  Ag, 
trace  of  Pt, 
Fe,  Pb,  Cu, 
Sn. 

No.  1  sample  unannealed;  #2,  an¬ 
nealed. 

G.  K.  White 
(1953a). 

W.3, 4,5.. 

Johnson,  Mat- 
they;  99.999% 
pure;  trace  of 
Ag,  Cu;  faint 
trace  of  Cd, 
Fe,  Mg,  Na, 
Ca,  Zn. 

No.  3  sample  cold-drawn;  #4,  an¬ 
nealed  in  vacuum  at  700°C  for  3  j 
hours;  #5  was  the  fourth  re¬ 
drawn. 

Do. 

<*  =  19X10-*,  0  =  1.13 . 

H.  M.  Rosenberg 
(1954a). 
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CONDUCTIVITY,  w/cm  deg  K 


ZINC 


Com 

Sample  source 
and  analysis 

Remarks 

Ref  ere  nee 

"Pure"’ . 

Ar- 1.1  mt  18°C;  R,  Cp,  emf . 

W.  Jaeger  and 

H.  Dienelhorst 
(1900). 

L. . 

Lathe-turned  from  a  cast  stick _ 

tilled”. 

(1908). 

Bi.  Le . 

99.993%  pure. . . 

Single  crystal;  also  measured  poly- 
crystalline  samples. 

C.  C.  Bid  wen  and 
E.  J.  Lewis 
(1929);  also 
E.J.  Lewis  and 
C.  C.  BidweU 
(1928). 

Kahlbaum . 

*=1.26at83*Ksodl.25st0oC.,. 

(1929). 

Q.  Go. _ 

Kahlbaum; 

“pare". 

Single  crystals  each  with  rod  axis 
parallel  to  main  crystal  axis.  An¬ 
other  sample  with  axes  perpen¬ 
dicular  had  a  conductivity  10% 
lower. 

E.  Goena  and 

E.  Grunesen 
(1932). 

ZINC  (Coat'd) 


Curve 

Sample  source 

and  analysis 

Remarks 

Reference 

M.  R.1... 

HUger;  99.995% 
pore. 

Poly  crystalline;  21  X  10"*, 

8  —  0.4. 

K.  Mendelssohn 
and  H.  M. 
Roeenberg 
(1962a). 

M.R.2,3. 

Imperial  Smelt¬ 
ing;  99.997%. 

No.  2  had  rad  axis  inclined  80“  to 
hexagonal  crystal  axis.  a=34X 
10-‘,  8-0.7;  #3,  inclined  13". 
a— 31X10"*,  8-0-8. 

Da 

Measured  effect  of  magnetic  field. . 

K.  Mendelssohn 
and  H.  M. 

Rosenberg 

(1983). 

1. 2, 3. 

a  =*30X10~»,  «0.6 . 

H.  M.  Rosenberg 
(1964a). 

25 


CONDUCTIVITY,  w/cm  deg  K 


O  123456789  10 


TEMPERATURE , °K 


(See  previous  page  for  the  table  on  ZINC.) 


CADMIUM 


Corf* 

Sample  source 
tndiBily» 

Remarks 

Reference 

MTt  __ 

A:  »0.92  at  0°C . 

(1*81). 

W.  Jaeger  and 

H.  Diesselharet 

(1800). 

L. . 

“Pore  redis- 

Lathe-tamed  from  a  east  stick - 

C.  H.  Lees 

tilled". 

(1908). 

KaMbamn; 

*-1.02  at  273°  and  194°K,  1.23  at 

A.  Eoeken  and 

“pare". 

83°K. 

G.  Gehlhoff 

(1912). 

Kklilhaam; 

At  20*  and  273°K  values  fall  just 

R.  Schott 

“chem.  pare”. 

below  upper  eurre  of  Go.  G. 

(1918). 

CADMIUM  (Cont’d) 


Carre 

Sample  scarce 

and  analyse 

Remarks 

Reference 

Go.  G . 

It 

Kahlbaum; 

“pure”. 

Two  single  crystals,  each  with 
main  crystal  and  rod  axes  par¬ 
allel. 

E.  Goene  and 

E.  Grfineisen 
(1932). 

Go.  G . 

Single  crystal  with  main  crystal 
and  rod  ares  perpendicular. 

Do. 

i 

Hilger; 99.999% 
pure. 

Measured  effect  of  magnetic  field. . 

andH.  M. 
Rosenberg 
(1961). 

M.R. . 

Hilger; 

99.9999% 

pure. 

Cast  in  glass;  a  -  HO  X  10"*, 

K-  Mendelssohn 
and  H.  M. 
Roaenberg 
(1952a). 

Measured  effect  of  magnetic  field. . 

andH.  M. 
Rosenberg 
(1953). 

R. . 

Maximum  conductivity  of  88  be¬ 
tween  4°  and  6°K;  a— 122X 
10-‘,  S =0.02. 

H.  M.  Rosenberg 
(1954a). 
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CONDUCTIVITY,  w/cm  deg  K 


MERCURY 


Cunre 

Sample  source 
and  analysis 

Remarks 

Reference 

On.  Ht _ 

Cn . 

Measured  in  the  liquid  state  and  in 

Omnes  (1914). 

0.  Gehlhoff  and 

solid  state  near  melting. 

F.  Neumeier 
(1919). 

Re . 

Measured  ten  single  crystal  rods: 
fall  into  four  groups.  No.  1,  rod 
axis  parallel  to  crystal  axis;  #2, 
axes  inclined  23°;  #3,  axes  in¬ 
clined  45°;  #  4,  axes  perpen¬ 
dicular. 

(1932). 

w  I  dr  Haas  and 

percoodoeting  states. 

H.  Bremmer 
(1936). 

Ho.  14... 

Basic  rod  (#1) 

J.  K.  Hulm 

{ram  Johnson, 
Matthey;#2, 
.002%  Cd; 
#3.  .007% 

&&& 

In. 

crystalline,  but  large  crystals: 
measured  in  both  normal  and 
superconducting  state. 

(1930). 

Measured  in  the  intermediate  state 

R.T.  Webber 

near  4°K. 

and  D.  A. 
Spohr  (1933). 

CONDUCTIVITY,  w/cm  deg  K 


0  12  3  4  5 


TEMPERATURE  ,°K 

(See  previous  page  for  the  table  on  MERCURY.) 
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CONDUCTIVITY,  w/cm  deg  K 


Cum 

Sample  source 
and  analysis 

Remarks 

Reference 

R. . 

Three  single  crystals  of  different 
orientation;  No.  1  a  =  160X 
10-»  3=4.7;  #2,  a  =23X10"*, 
8=0.186;  #3,  a=87X10-‘, 
3=2.22. 

H.  M.  Rosenberg 
(1954a). 

THALLIUM 

TTtM}itnm . 

at  80°K . 

Johnson,  Mat- 
they;  99.99% 
pore. 

Annealed;  polycrystalline;  meas¬ 
ured  effect  of  magnetic  field. 

(1927). 

K.  Mendelssohn 
andH.  M. 
Rosenberg 
(1953). 

Annealed;  polyerystalline;  meas¬ 
ured  conductivity  below  1°K; 
between  0.3°  and  0.65°K,  con¬ 
ductivity  was  of  form  In  Ar=aT; 
*=0.2  at  0.82°K,  0.0015  at 
0.3°K. 

K.  Mendelssohn 
and  C.  A. 
Renton 
(1953). 

B. . 

<*=537X1(1"*,  £=0.1 . 

H.  M.  Rosenberg 
(1954a). 

Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

Hiiger . 

Absolute  values  were  not  deter¬ 
mined. 

W.J.de Haas  and 
H.  Bremmer 
(1932a). 

Hu. . 

<*=189X10"*,  £=1.38 . 

J.  K.  Huhn 
(1950). 

they;  0.1% 
impurity. 

Johnson,  Mat- 

Single  crystal;  measured  conduct- 

D.  P.  Detwiler 

they. 

ivity  in  intermediate  state. 

and  H.  A. 
Fairbank 
(1952a,  b). 

M.R. . 

Johnson,  Mat- 

a=190X10"‘,  8  =0.4;  measured 

K.  Mendelssohn 

they;  99.993% 

in  both  normal  and  supercoo- 

and  H.  M. 

pure. 

ducting  state. 

Rosenberg 

(1952a). 

— do . 

Measured  effect  of  magnetic  field . . 

K.  Mendelssohn 
and  H.  M. 
Rosenberg 
(1953). 

— do . 

Measured  conductivity  below  1°K; 
between  0.2°  and  0.7”K,  con¬ 
ductivity  equation  was  *=2.5 
X10-*  T»;  *=.019  at  0.8°K, 
.003  at  0.46°K. 

K.  Mendelssohn 
and  C.  A. 
Renton  (1953). 

B. . 

<*=185X10“*,  £=0.35  for  nor¬ 
mal  state  conductivity. 

H.  M.  Rosenberg 
(1954s). 
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,  w/cm  deg  K 


8  10 


80  100 


TEMPER  ATURE,°K 


CARBON  (Graphite) 


Cam 

Samples ourcs 
and  analysis 

Remarks 

Reference 

Pencil  lead;  density  of  2.11  g/em*; 
*-0.16  at  1ST. 

Achcson  graph¬ 
ite. 

R.  M.  Winter 
(1928). 

A.  P.  Crary 
(1033). 

*-1.78  at  122*K,  1.72  at  300TS. . . 

Carbon;  80% 
petroleum 
eoke,  20% 
tempbhck. 

*-0.016  at  0*C . 

B.  W.  PowelL 
F.H.  Schofield 
(1939). 

Two  rode  gave  *—121  and  1.87 
at  OX. 

Aebcson  graph¬ 
ite. 

Da 

For  a  sample  with  rod  axis  parallel 
to  extrusion  direction,  *—1.76 
at  (PC,  24  at  82°K;  for  a  second 
ample  with  rad  axis  perpendic¬ 
ular  to  extrusion,  *-1.13  at 
OX;  1.76  at  82°K. 

&.A.Baaschaper 

(1944). 

bon;  Asb—n 
graphite. 

*-0.06  at  <rc,  0.01  at  82°K . 

Da 

bon;  carbon 
dsetoods. 

Measured  conductivities  of  graph¬ 
ite  and  amorphous  carbon. 

8.  Minwhim* 

and  i.  Okada 
(1961). 

Moaned  effect  of  oyttal  aiae .... 

(1962). 

CARBON  (Graphite)  (Crat'd) 


Curve 

Sample  soorce 
and  analysis 

Remarks 

Reference 

B.  1-3, 1'- 
3*. 

Atomic  Energy 
Res.  Estab¬ 
lish. 

Artificial  graphite  rods;  very  ani¬ 
sotropic;  unprimed  numbers  re¬ 
fer  to  rods  with  axes  parallel  to 
direction  of  extrusion;  primed 
numbers  refer  to  rods  with  axes 
perpendicular  to  the  extrusion; 
densities  were  respectively  1.79, 
1.60,  and  1.77  i/cm*;  crystal  j 
sixes  2000,  1000,  and  300  A. 

R-  Berman 
(1952). 

B.4,4'.... 

Natural  graph¬ 
ite. 

Density  226  g/em*;  crystal  sire, 
2000  A;  un pruned  number  re¬ 
fers  to  sample  with  its  rod  axis 
parallel  to  preferred  c-sxis; 
pruned  number,  perpendicular. 

Da 

T.  W.  1,  2. 

National  Car¬ 
bon;  graphite. 

Densities  were  1.70  g/cml;  rod 
axes  were  respectively  perpen¬ 
dicular  and  parallel  to  the  pre¬ 
ferred  c-axes. 

W.  W.  Tyler  and 
A.  C.  Wilson 
(1953). 

T.W.3... 

Natural  graph¬ 
ite. 

Molded;  density  of  1.80;  rod  axis 
perpendicular  to  preferred  c- 
axis. 

Do. 

T.W.4... 

LampNack . 

Molded;  density  of  1.65;  rod  axis 
parallel  to  preferred  c-axis. 

Da 

(1964). 

SILICON 

Impurities  of  1 
X10~*  percent 
as  shown  by 
Hall  effect. 

“Filament  cut  from  a  crystal  polled 
in  (100)  direction;”  *—1.48  at 
OX,  9  at  80°K,  196  at  30°K. 

G.  W.  Hull  and 

T.  H.  Geballe 
(1964). 

1 


CONDUCTIVITY,  w/cm  deg  K 


GERMANIUM 


OU! 

8ampie  scarce 
sod analysis 

Remarks 

Reference 

Ea.  Zi _ 

“High  parity” . . 

Cast;  higher  of  two  Ge  corves  on 
figures  18  and  19a. 

I.Ertermannaod 
J.  E.  Zimmer¬ 
man  (1861). 

e *.  a . 

0.006  atomic  % 
of  AL 

Cart;  lower  of  two  Ge  correa  on 
figuna  18  and  18a. 

Do. 
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CONDUCTIVITY,  w/cm  deg  K 


Sample  source 
and  analysis 

Remarks 

“Pore" . 

*=0.64at0“C . 

“Pure"  .03% 
Pb. 

*-0.61  at  18°C . 

Kahlbawn; 

“pure”. 

Lathe- turned  from  a  rod . 

Measured  tb*  relative  change  in 
condnctiviwy  at  low  tempera¬ 
tures,  absolute  values  not  given. 

Johnson,  Mat- 
they;  No.  1, 
99.996%  pure; 
*2,. 03%  Hi 
added;  £3, 
.3%  H*  ad- 
ded;#4,4.1% 
He  added. 

Samples  1-3  were  homogeneous 
solid  solutions;  #4  was  two- 
phase;  both  normal  and  super¬ 
conducting  state  measured. 

Reference  Curve 

and  analysis 

L.  Lorens  . 

Measured  relative  change  upon  be- 

(1881). 

W.  Jaeger  and 

coming  superconducting. 

H.Diesselhorst  Ra.  1,  2.  .. 

Chempur;  99.- 

Single  crystals  with  tetragonal  axis 

(1900). 

992%  pore. 

inclined  85°  to  rod  axis. 

C.  H.  Lea  . 

Johnson,  Mat- 

Measured  conductivity  in  the  in- 

(1908). 

W.  J.  de  Haas, 

they;99.996% 

pure. 

termed  iate  state. 

S.  Aoyama,  . 

Johnson,  Mat- 

Single  crystal;  measured  the  effect 

and  H.  Brem- 

they; 

of  a  magnetic  field;  for  aero  field. 

mer  (1931)  and 

99.997%. 

*  =  25.1  at  4.4°K,  19.6  at  3.(TK, 

W.  J.  de  Haas 
and  H.  Brem- 

18.0  at  2.4°K,  in  normal  state. 

mer  (1931a).  M.  Rn _ 

J.  K.  Holm 
(1949,  1950). 

. do. . 

Single  crystal;  upper  curve  in  fig¬ 
ure  18b;  superconducting  state. 

M.  Rn . 

. do . 

Polyc  rystalline  -K  lower  curve  on  fig¬ 
ure  18b;  superconducting  state. 

R. . 

. do . 

a=60X10-»,  a=0.12 . 

Gd.  1-5 _ 

No.  1  and  2, 

Polycrystalline;  crystal  sixes  about 

“spect-pore”; 

1  to  3  mm;  cast  in  glam. 

#3,  0.3%  In; 
#4  ami  5, 3% 
In. 

C.  V.  Heer  and 
J.  G.  Daunt 
(1949). 

A.  Rademaken 
(1949). 

D.  P.  DetwUer 
H.  A.  Pmirbank 
( 1952a,  b). 

K.  Mendelssohn 
H.  M.  Rroen- 
berg  (1953). 


K.  Mendelssohn 
C.  A.  Renton 
(1953). 


H.  M.  Rosenberg 
(1964a). 

B.  B.  Goodman 
(1963). 


CONDUCTIVITY, mw/cm  deg  K 


TEMPERATURE  ,°K 
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CONDUCTIVITY, w/cm  deg  K 


Cum  Sample  source 
mod  analysis 


"Pure” .  *-0.35  at<rC. 


. do .  *»03 Satire. 


*-036  at  2TC.  0.45  at  90°K. 


Baxendafc;  Lathe- turned  from  a  liar . 

“pure". 

Kahlbaum;  99.-  Cnid-drawn . 

998%  pure. 

Kahlbaum;  Results  agree  with  Meissner  (1915) . 
“pure". 

*-038  at  12°C,  035  at  23°C . 


Measured  relative  temperature 
variation. 


Measured  in  both  normal  and  su¬ 
perconducting  states. 


Hilger;99399%  Measured  changes  in  conductivity 
pure.  during  superconducting  transi¬ 

tion. 


L.  Lorens 
(1881). 

W.  Jaeger  and 
H.Diesselhorst 
(1900). 

P.  Macchia 
(1907). 

C.  H.  Lees 
(1908). 

W.  Meissner 
(1915). 

R.  Schott  (1916). 


T.  Peetahki 
(1917). 

C.  C.  BidweB 
andE.  J.  Lewis 
(1929). 

W.J.deHaas 
and  H.  Brem- 
mer  (1931). 

H.  Bremmer  and 
W.  J.  de  Haas 
(1936). 

K.  Mendelssohn 
and  R.  B. 
Pontius  (1937. 


Hilger .  Melted  under  vacuum;  single  crys¬ 

tal;  in  both  normal  and  super¬ 
conducting  states. 

. do .  Two  single  crystals . 


0.02%  Bi .  In  both  normal  and  superconduct¬ 

ing  states. 


Studied  conductivity  in  intermedi¬ 
ate  state. 


Tadenac,  99.- 
998%  pure. 


Single  crystal;  measured  in  both 
normal  and  superconducting 
states;  normal  curve  gives 
a=325X10-»,  fl— 0.10;  same 
curve  on  graph  as  H.  Ra.;  ex¬ 
perimental  points  marked  by 
filled  circles. 

Single  crystal . 


Tadenac .  Measured  effect  of  magnetic  field. 


Same  as  M.B.. .  *=25  at  3.1°K,  28  at  2.7“K;  con¬ 
tinuation  of  work  of  Mendels¬ 
sohn,  Rosenberg  (1952b); 
a=290X10-‘,  fl -0.10. 


W.  J.  de  Haas 
and  H.  Rade- 
makera  (1940). 

A.  Hade  makers 
(1949). 

K.  Mendelssohn 
and  J.  L.  Olsen 
(1950c). 

R.T.  Webber 
andD.A-Spohr 
(1951). 

K.  Mendelssohn 
and  H.  M. 
Rosenberg 
(1952b). 


J.  L.  Ohen  and 
C.  A.  Renton 
(1952). 

K.  Mendelssohn 
and  H.  M. 
Rosenberg 
(1953). 

H.  M.  Rosenberg 
(1954a). 


CONDUCTIVITY,  w/cm  deg  K 


TEMPERATURE  ,°K 


(For  GERMANIUM,  see  the  table  under  figure  18,  page  31.) 
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ANTIMONY 


Curve 

Sample  source 
and  analyse; 

Remarks 

Reference 

*=0.19  at  ore . 

(1881). 

E,  Gh . 

G.  GehlhofT 
(1912). 

Gh.  Ne _ 

R. . 

"pure”. 

F.  Neumeier 
(1913a). 

Measured  effect  of  grain  sise;  sam¬ 
ple  with  largest  grains  had  a 
conductivity  close  to  the  Gh. 
Ne.  curve. 

“chem.  pure". 

0.  Neumann 
(1924). 

Measured  effect  of  magnetic  field 
on  k  and  R  for  single  and  poly¬ 
crystalline  rods;  at  80°  and  90°K 
results  agree  with  those  of  Gh. 
Ne.  curve. 

"pure”. 

(1947). 

R. . 

H.  M.  Rosenberg 
(1954a). 

BISMUTH 


Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

*=0.074  at  0°C . 

(1881). 

*=0.081  at  18°C;  R,  Cp,  emf. 

W.  Jaeger  and 
H.Dienelhoret 
(1900). 

At  87°,  194°,  and  291®K  results  arc 
close  to  Rodine’s  upper  curve. 

E.  Giebe  (1903). 

Kahlbaum; 

"pure". 

Drawn;  at  83°,  194®,  and  273®K  re¬ 
sults  are  close  to  Rodine's  upper 
curve. 

G.  Gehlhoff  and 
F.  Neumeie. 
(1913a). 

Measured  pressed  powders;  k= 
0.21  at  83®K,  0.08  at  0®C. 

G.  Gehlhoff  and 
F.  Neumeier 
(1913b). 

0.02%  Pb,  trace 
Fe. 

Single  crystals,  measured  anistropy . 

G.  W.  C.  Kaye 
ndJ.  K. 
Roberta 
(1923). 

Measured  effect  of  magnetic  field 
on  conductivity  in  single  crystals. 

O.  Neumann 
(1924). 

G.W.C.  Kaye  and 
W.  F.  Higgins 
(1929). 
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60  80  100 


TEMPERATURE  ,°K 


BISMUTH  (Cont’d) 


Carre 

Semple  source 
end  analysis 

Remarks 

Reference 

Re . 

Kahlbattm; 

Rod  axis  inclined  80°  to  crystal 

H.  Reddemann 

"pure”. 

axis;  studied  effect  of  magnetic 
field;  R. 

(1934). 

Ro . 

Measured  two  single  crystals,  one 

M.  T.  Rodine 

with  rod  axis  parallel  to  trigonal 
crystal  axis,  one  perpendicular. 

(1934). 

H.  C.  1, 2. 
3. 

Hilger;  99.998% 
pare,  trace  of 
sihrer- 

Single  crystals;  No.  1,  rod  axis  par¬ 
allel  to  main  crystal  axis;  #2, 
rod  axis  parallel  to  binary  axis; 
#3,  rod  axis  parallel  to  bisect¬ 
rix  of  binary  axes. 

W.J.de  Haas  and 

1  W.  H.  Cape! 
(1934a,  b). 

At  83*  and  90°K  results  are  close  to 

E.  Gruneisen  and 

the  ones  above;  measured  effect 
of  magnetic  field  on  k  and  R. 

J.  Gielessen 
(1936). 

H.Ge.C... 

Hilger;  .002% 
silver,  trace  of 
Pb. 

Single  crystal;  rod  axis  parallel  to 
main  crystal  axis;  measured  ef¬ 
fect  of  magnetic  field. 

W.  J.  de  Haas, 

A.  N.  Gerrit- 
sen,  and 

W.  H.  Capel 
(1936). 

Measured  k  between  2.3°  and 

S.  Shalyt  (1947). 

77.4°K. 

Measured  effect  of  magnetic  field . . 

E.  Grttneisen, 

K.  Rausch, 
and  K.  Weiss 
(1980). 

TELLURIUM 


Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

Ca . 

99.999%  pure . . . 

No.  1,  a  single  crystal  with  rod 

C.H.  Cartwright 

axis  parallel  to  main  crystal  axis; 
#2  and  #3  are  poly  crystalline; 
also  measured  R,  emf. 

(1933). 

CERIUM 


R. . 

*=T/900  from  4°  to  20°K . 

H.  M.  Rosenberg 

(1984a). 

URANIUM 


T.  W.  W... 

Quenched;  also  measured  R,  emf. . 

W.  W.  Tyler, 

A.  C.  Wilson, 
and  G.  J. 
Wolga  (1982). 

M.  R.  . 

<*=*750X10"*  3=95 . 

K.  Mendelssohn 

Res.  lab. 

and  H.  M. 
Rosenberg 
(1982b). 

R.  . 

<*=790X10"*,  3=93 . 

H.  M.  Rosenberg 
(1984a). 
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2.3  Alloys  and  Commercial  Metals 


The  values  for  conductivities  of  experimental 
and  commercial  alloys  are  given  in  figures  22 
through  29a  and  in  the  following  tables,  arranged 
according  to  periodic  group  of  the  major  com¬ 
ponent.  In  several  instances  a  particularly  large 
class  of  alloys  has  been  separately  presented, 
i.  e.,  copper-nickel  alloys.  Many  of  the  experi¬ 
mental  results  are  for  a  limited  temperature 
range,  so  more  of  the  data  are  presented  in 
tables  than  in  sec* 'on  2.2  on  metals.  This  sec¬ 
tion  is  also  not  as  complete  as  section  2.2  be¬ 
cause  many  of  the  data  were  published  in  now 
unavailable  journals  or  institute  reports.  As  for 
the  preceding  tables  the  following  tables  con¬ 
tain  columns  indicating  the  curve  identifying 
marks,  composition,  conductivity,  remarks,  and 
reference.  In  addition,  they  occasionally  con¬ 
tain  information  on  trade  designation  or  sym¬ 


bols  and  manufacturing  tempers.  The  names  or 
numbers  and  the  arrangement  within  a  group 
are  based  upon  the  corresponding  arrangements 
in  Metals  Handbook.1  The  composition  limits 
for  many  of  the  alloys  are  also  taken  from  the 
Metals  Handbook.  The  tables  listed  below, 
which  quote  “company  or  trade  manuals”,  are 
all  based  on  room-temperature  values. 

In  pure  metals  the  greater  part  of  the  energy 
transfer  is  by  electrons,  whereas  in  alloys  the 
transfer  by  the  lattice  vibration  is  very  signifi¬ 
cant  and  may  be  the  predominant  mode.  For 
that  reason  the  conductivity  is  not  as  sensitive 
to  small  differences  in  composition  as  it  is  in 
nearly  pure  metals.  It  will  be  noted  in  the  fol¬ 
lowing  graphs  that  the  conductivity  curves  of 
alloys  with  similar  compositions  are  usually 
parallel  to  each  other  and  seldom  intersect. 


iMetais  Handbook,  1948  ed..  Am.  Soc.  for  Metals,  Cleveland,  Ohio. 


ALKALI  METAL  ALLOYS 


Nominal 

Com  position 
<%) 

Conductivity  and  remarks 

Reference 

Sodium-potassium; 

w/cm  deg  K 

* =0.29  at  -8.9°C,  0JJ0  at  -  10.6°C . 

J.  W.  Horn  beck 

SO-SO  by  atomic 

(1913). 

percent. 

BERYLLIUM 


Commercially  pore; 
Beryllium  Co.  of 

See  figure  2,  under  “Metallic  Elements” _ 

E.  J.  Lewis 
(1929). 

America. 

Copper-beryllium 

MAGNESIUM  ALLOYS 


0.5  Mn . 

A:  — 1.60  at  273°K,  134  at  87°K  * . 

(1929). 

0.8  Mn . 

*=158  at  273%  1.22  at  87”K  » . 

Do. 

2  Mn . 

*=1.18  at  273%  0.87  at  87“K  > . 

Do. 

3=54  Mn . 

*-1.02  at  273%  057  at  87°K  > . 

Do. 

A  A1 . 

*=0.80  at  273%  059  at  87°K  i . 

Do. 

8  A1 . 

*=0.65  at  273%  0.42  at  87%  • . 

Do. 

12  A1 . 

*=0.59  at  273%  0.33  at  87%  > . 

Do. 

0.7  Si . 

*=1.48  at  273%,  1.10  at  87°K  > . 

Do. 

1.5  Si . 

*= 1.40  at  273%  0.95  at  87°K  > . 

8  Ce . 

*=1.25  at  273%  1.06  at  87%  • . 

Do. 

12  Ce . 

*=1.03  at  273%  0.81  at  87"K  ■ . 

Do. 

8  Cu . 

*=1.28  at  273%  0.88  at  87%  ' . 

Do. 

8  Zn . 

*=1.19  at  273%  0.89  at  87%  i . 

Do. 

8  Cd . 

*=1.42  at  273%  1.30  at  87%  1 . 

Do. 

2  Si,  8  AI . 

*=0.69  at  273%,  0.48  at  87%  1 . 

Do. 

2S.8A1 . 

*=0.61  at  273%  0.38  at  87%  > . 

Do. 

2  St,  10  Al . 

* =0.58  at  273%  0 .29  at  87%  > . 

Do. 

2  Si,  12  Al . 

*=0.54  at  273%  0.28  at  87°K  > . 

Do. 

1  ChiU-cMt;  alao  measured  &. 
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MAGNESIUM  ALLOYS  (Cont’d) 


Nominal 

Composition 

(%> 

Conductivity  and  Remarks 

Reference 

15  Cu . 

w/cm  deg  K 

*-1.54  at  273%  1.51  at  87%  chill-cast. 

W.  Mannchen 

20  Cu,  3  Si . 

*=1.08  at  273%  0.89  at  87%;  chill-cast. . 

(1931). 

Do. 

2.2  Ag . 

*=1.31  at25°C» . 

6.0  Ag . 

*=1.16  at  27®C  > . 

(1932). 

Do. 

2.1  Al . 

A =0.88  at  27°C  * . 

Da 

4.2  Al . 

£=0.69at22°C  * . 

Do. 

6.2  Al . 

£=0.56  at  22*C  * . . 

Do. 

83  Al . 

*=051atl8°C* . 

Da 

10.3  Al . 

£=0.45  at  19°C  * . ! 

Do. 

12.2  Al . 

£=0.39  at  23°C  * . 

Do. 

2.4  Cu . 

£=1.39  at  20°C®  * . 

Do. 

63  Cu . 

*=1.31  at  24°C  * . 

Da 

1.9  Ni . 

£=136  at  20°C  1 . 

Da 

5.8  Ni . 

£=136  at  24#C  * . j 

Do. 

23  Sn . 

£=1.06  at  21°C  * . 1 

Do. 

6.4  Sn . 

£=0.74  at  22°C  * . 

Do. 

2.1  Zn . 

£=136  at  26°  * . 

Da 

6.1  Zn . 

£=1.09  at  26°C 1 . 

Do. 

"Elektron”  £=1.14  at  26°  C°* . 

Da 

4  Al,  1  Zn,  1  Cd,  1  Sn . 

*-056  at  22°C  1 . 

Do. 

6  Al,  3  Zn,  0.4  Cu. . . 

“Dow  metal"  *=0.61  at  29°C « . 

Da 

4  AL  03  Zn,  2  Cd, 
Ion. 

*=0.63  at  22°C  * . 

Do. 

4  A1.3  Cd,  1  Sn. ... 

*=0.69  at  22°C » . 

Do. 

4  Al,  2  Cd,  2  Sn . . . . 

*=056  at  30°C°  ’ . 

Da 

*  Vacuum-annealed. 


MAGNESIUM  ALLOYS  (Coat’d) 
COMPANY  AND  TRADE  MANUALS 


ASTM 

designation 

Trade  deognatiooa 

Nominal 

composition 

<%) 

Conductivity 

w/cm  deg  K 

A  8 . 

Dow  metal  A;  Mask  AM  341:  Brit¬ 
ish  DTD  69 A,  DTD  389,  fejek- 
tron  A8,  Elektron  A8K. 

8  Al,  0.2  Mn.  . 

0.75 

A  10 . 

Dowmetal  G;  Mailo  AM  240;  AM- 
C598;  British  DTD  259;  Elek- 
troa  VI. 

10  Al,  0.1  Mn 

.71 

AM  80  A . 

See  A8 . 

AM  100 A  ... 

1 . 

See  A  10 . 

AZ31X.A.B. 

Dowmetal  FS-1;  Mailo  AM-C52S; 
Whitelight  FS-1;  British  DTD 
130A;  Elektroo  AZ  31. 

3  Al,  1  Zn,  0.3 
Mn. 

.96 

AZ51  X . 

Dowmetal  JS-! . 

5  Al,  1  Zn,  0.25 
Mn. 

.88 

AZ  61  X.A.B 

Dowmetal  J-l;  Mask  AM-C87S; 
Whitelight  J-l ;  British  DTD  88B, 
DTD  120A,  DTD  269;  Elektron 
AZM. 

6  Al.  1  Zn,  05 
Mn. 

.80 

AZ  63,  A . 

Dowmetal  H;  Mask  AM  285;  Brit¬ 
ish  DTD  59 A,  DTD  289;  Elek¬ 
troo  AZG. 

6  Al,  3  Zn,  0.2 
Mu. 

.75 

AZ  80  X,  A 

Dowmetal  O-l;  Mask  AM-C58S; 
Whitelight  0-1 ;  British  DTD  88B ; 
Elektron  AZ  866. 

8.5  Al,  0.5  Zn, 
,15Mn. 

.75 

AZ91A.B.C. 

Dowmetal  R,  RC;Maslo  AM  263; 
British  DTD  136A;  Elektron  AZ 
91. 

9  Al,0.7Zn,  0.2 
Mn. 

.71 

AZ  92,  A . 

Dowmetal  C;  Maslo  AM  200 . 

9  Al  2  Zn,  0.1 
Mn. 

.71 

M  1  A.  B . 

Dowmetal  M ;  Mask  AM403,  AM 
38;  Whitelight  M;  British  DTD 
142, 118, 140A;  Elektron  AM  603. 

1.5  Mn . 

158 

Maslo  AM  244 . 

4  Al,  05  Mn. . . 

0.96 

Dowmetal  EK  30A . 

3  rare  earths, 
0.35  Zr,  0.3 
Zn. 

.27 

ALUMINUM  ALLOYS 


Composition  (%) 

Conductivity  and  remarks 

Reference 

w/cm  deg  K 

0.5  Fe,  0.4  Cu . 

A— 2.01  at  18°  C . 

W.  Jaeger  and 

H.  Diesselhorst 
(1900). 

Commercial . 

*-1.93  at  ore,  1.90  at  85°K,  159 

R.  Schott  (1916). 

at  21.4°K. 

Composition  (%) 1 

Conductivity  > 

State  1 

w/cm  deg  K 

12.2  Cu,  0.3  Si,  0.6  Fe  * . 

04 . 

Cast. 

1.48 . 

Annealed. 

12.2  Cu,  05  S,  0.6  Fe,  1  Mn  *  J 

0.93 . 

Cast. 

153 . 

Annealed. 

10.5  Cu,  0.3  Si,  0.8  Fe,  1  Ni, 

155 . 

Cast. 

3  8n  *. 

159 . 

Annealed. 

8.4  Cu,  05  S,  0.7  Fe,  0.7  Mn ». . 

1.02 . 

Cast. 

155 . 

Annealed. 

8.1  Cu,  0.4  ffi,  0.6  Fe  * . 

159 . 

Cast 

1.67 . 

Annealed. 

65  Cu,  05  S,  0.7  Fe,  15  8n  *. . 

1.47 . 

Cast. 

1.66 . 

Annealed. 

ALUMINUM  ALLOYS  (Coat’d) 


Composition  (%)  > 

Conductivity  * 

State  1 

w/cm  deg  K 

55  Cu.  05  Si,  0.8  Fe,  05  Mn, 

1.18 . 

Cast 

15  Mg.* 

152 . 

Annealed. 

45  Cu.  0.4  Si,  0.9  Fe,  0.6  Mo, 

1.22 . 

Cast 

0.4  Mg  * 

152 . 

Annealed. 

25  Cu,  0.4  Si,  0.9  Fe,  1.8  Ni, 

1.44 . 

Cast 

0.9  Mg.* 

1.63 . 

Annealed. 

4.4  Cu,  05  Si,  0.7  Fe,  2.1  Ni, 

150 . 

Cast. 

0.9  Mg.* 

1.47 . 

Annealed. 

3.8  Cu,  6.1  Si,  0.9  Fe,  0.6  Mu, 

1.00 . 

Cast. 

1.6  Mg.* 

1.36 . 

Annealed. 

2.7  Cu,  0.4  Si,  0.6  Fe,  12.0  Zn  *. 

152 . 

Cast 

1.33 . 

Annealed. 

2.6  Cu,  0.4  Si,  0.6  Fe,  20.3  Zn  > . 

1.07 . 

Cast 

1.08 . 

Annealed. 

2.5  Cu.  05  Si,  0.8  Fe,  05  Mn, 

1.26 . 

Cast 

2.6  Zn.* 

1.46 . 

Annealed. 

1.9  Cu,  0.1  Si,  1  Fe,  15  Mg  *. . 

157 . 

Cast 

1.65 . 

Annealed. 

1.8  Cu,  0.4  Si,  0.9  Fe,  0.9  Cr  *. . 

1.05 . 

Cast. 

1.09 . 

Annealed. 

1.8  Cu,  05  Si,  0.6  Fe,  1  Ni,  1.6 

1.48 . 

Cast 

Mg.* 

1.85 . 

Annealed. 

11.9  Si,  0.8  Fe  * . 

1.31 . 

Cast 

1.78 . 

Annealed. 

0.1  Si,  0.6  Fe* . 

1.86 . 

Cast 

2.00 . 

Annealed. 

8.1  Cu,  0.4  Si,  0.6  Fe  * . 

1.33 . 

Quenched. 

152 . 

Aged. 

65  Cu,  05  Si,  0.8  Fe,  05  Mn, 

153 . 

Quenched. 

15  Mg.* 

153 . 

Aged. 

25  Cu,  0.4  Si,  0.9  Fe,  1.8  Ni, 

158 . 

Quenched. 

0.9  Mg.* 

153 . 

Aged. 

3.8  Cu,  6.1  Si,  0.9  Fe,  0.6  Mn, 

1.16 . 

Quenched. 

1.6  Mg.* 

1.14 . 

Aged. 

2.6  Cu,  0.4  Si,  0.6  Fe,  205  Zn  * . 

0.98 . 

Quenched. 

0.98 . 

Aged. 

2.5  Ccij  0.3  Si,  0.9  Fe,  OJb  Mn,  , 

152 . 

Quenched. 

1.9  Cu,  0.1  Si,  1  Fe,  15  Mg  •. . . 

159 . 

Quenched. 

1.8  Cu,  05  Si,  0.6  Fe,  1.0  Ni,  { 

1.45 . j 

Quenched. 

1.6  Mg.* 

| 

55  Cu,  05  Si,  0.8  Fe,  05  Mn, 

156 . 

Drawn. 

15  Mg.* 

1.60 . 

Annealed. 

45  Cu,  0.4  Si,  0.9  Fe,  0.4  Mn, 

1.48 . 

Drawn. 

0.6  Mg.‘ 

1.73 . 

Annealed. 

11.9  Si,  0.8  Fe  * . 

1.73 . 

Drawn. 

1.81 . 

Annealed. 

0.1  Si,  05  Fe  * . 

! 

2.06 . 

Drawn. 

2.07 . 

Annealed. 

1  Results  by  H.  Mssumoto  (1926)  mt  27°C. 

*  Tbs  samples  were  chill  cast  in  an  iron  mold,  then  annealed  for  30  minutes  at  4S0°C. 
1  Chill-east  in  an  iron  mold,  annealed,  then  heated  for  30  minutes  at  about  500°C, 
quenched  in  water,  and  later  aged  two  weeks. 

<  Chill-cast  in  an  iron  mold,  fo.ged,  then  cold-drawn  to  60%  of  original  diameter, 
and  later  annealed  for  30  minutes  at  S00°C. 
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TEMPERATURE  ,°K 


ALUMINUM  ALLOYS  (Oont’d) 


Nominal  composition  (%) 


8  Co . 

Do . 

15  Co . 

8  Mg . 

Do . 

12  Mg . 

HM| . 

20  Si . 

4  Co,  2  Ni,  14  Mg;  “Y"  Alloy" . 
Do . 

Hg.Hn.  8b;  K-8  Alloy  245... 

Mo,  Mg.  Sb;  K-8  Alloy  280.  .. 

Mn,  Mg,  8b;  K-8  Alloy  Special . 

Co,  Mn,  Mg;  Nelsoo-Kolben 

10. 

Co;  Nelsoo-Koiben  7n  1 . 

Co;  Neboo-Kolben . 

3-6  Co,  05  Mg . 


Conductivity  and  remarks 


w/em  deg  K 

1.32  at  273-X;  0.88  at  87°K . . . 

A— 1.31  at  273°K;  0.90  at  8TK. . . 

*-1.48  at  273“K;  .80  at  87”K ... . 

*=1.00  at  273“K;  .73  at  87°K. . . . 

*=1.05  at  273”K;  77  at  87°K; 
thermally  treated. 

*-0.77 at  273'K;  58 at  87^. . . . 

*=0.89  at  273'K;  .44  at  87°K; 
thermally  treated. 

*—159  at  273*;  151  at  STK; 
“Aluril”. 

*-1.82  at  273'K;  1.12  at  8TK. . . 

*-153  at  273°K;  158  at  87°K; 
thermally  treated. 

*-1.07  at  273"K;  1.00  at  87°K. . . 

*-1.00  at  273'K;  0.80  at  87”K . . . 

*-159  at  273'K;  1.14  at  87”K. . . 

*-1.80  at  273'K;  152  at  87°K. . . 


Reference 


W.  Mannchen 
(1931). 

Do. 

Da 

Do. 

Da 

Da 

Da 


Do. 


Da 

Da 

Da 

Da 

Da 

Da 


ALUMINUM  ALLOYS  (Cont’d) 


Curve 

Composition  (%) 

Remarks 

Reference 

N.-“Dural". . . 

P.  Z.  J.-J51 . . . 

057  Mg,  0.42  Fe,  4:10  Co. 
94.0  At 

059  Co.  056 Mg,  0.02  Mn, 
058  Fe,  050 &,  0.01  Cr, 
0.01  Ti. 

As  stomped;  “Dur¬ 
aluminium”. 

J  .  de  Nobel 
(1951). 

R.  W.  Powers, 

J.  B.  Ziegler, 
and  H.  L. 
Johnston 
(1951). 

P.Z.J.-48 . 

0.18  Cu,  1.02  Mg,  1.20  Mn, 
052  Fe,  0.13  Si,  0.02  Cr, 
0.02  Ti. 

Da 

P.  Z.  J.-75S . . . 

15  Cu,  55  Zn,  25  Mg,  05 
Mn,  05  Cr. 

Da 

P.Z.J.-24S... 

4.49  Cu,  0.01  Zn,  1.47  Mg, 
0.88  Mn,  054  Fe,  0.13 
Si,  0.01  Cr,  0.02  71. 

Da 

40 


*-1.43  at  273'K;  1.18  at  8 7°K. . . 
*—159  at  273'K;  150at87°K... 
*=1.S0  at  273'K;  0.80  at  87°K. . . 


Da 

Da 

Da 


ALUMINUM  ALLOTS  (Coat'd) 
COMPANY  AND  TRADE  MANUALS 


A8TM 

designa¬ 

tion 

Trade  designation 

Nominal 

compositions  (%) 

Conductivity 

State 

EC . 

99.45  A1 . 

w/cm  deg  K 

2.34 

2.22 

2.18 

Annealed. 

A2 . 

2S;  British  BS  2L  . 

99  A1 . 

i 

H  18 

WROUGHT  ALLOYS 


MI . 

3S . 

1.2  Mn . 

1.93 

0 

1.63 

H  12 

1.59 

H  14 

1.55 

H  18 

4S . 

1.2  Mn,  1  Mg.  ... 

1.63 

o 

1.63 

H  38 

CP  21 .... 

US;  British  BS6L1 

5.5  Cu,  0.5  Pb,  0.5  Bi 

1.55 

T  3 

CS  41 . . . . 

14S;  British  DTD  364 

4.4  Cu,0.8Si,0.8Mn, 

1.93 

0 

0.4  Mg. 

1.55 

T  6 

1.21 

T4 

CM  21 

17S;  British  BS6LI 

4  Cu,  0.5  Mg,  0,5  Mn . 

1.72 

0 

1.21 

T  4 

A  17S . 

2.5  Cu,  0.3  Mg  . 

1.55 

T  4 

18S;  British  BS  4L2S, 

4Cu,2  Ni,  0.5  Mg.  . 

1.93 

0 

BS  2L42. 

1.55 

T  61 

B18S. . . 

4  Cu,  1.5  Mg,  2.0  Ni. 

1.93 

o 

1.72 

T  72 

CG21. ... 

24S;  British  BS2L40. 

4.5  Cu,  15  Mg,  0.6 

1.88 

0 

DTD  273. 

Mn. 

1.21 

T  4 

25S . 

4.5  Cu,  0.8  Mn,  0.8 

1.55 

T  6 

Si. 

1.93 

0 

32S . 

12.5  Si,  1.0  Mg,  0.9 

1.55 

0 

Cu,  6.9  Ni. 

1.38 

T  8 

60S . 

1.2  Mg . 

1.93 

0 

1.93 

H  38 

C50S  . 

1.3  Mg . 

1.55 

A  51  S . 

1.0  Si.  0.6  Mg,  0.25 

2.09 

0 

Cr. 

1.72 

T  4 

GR  1 . 

52S . 

2.5  Mg,  0.25  Cr  . . 

1.38 

0 

1.38 

H  38 

53S . 

1.3  Mg,  0.7  Si,  0.25 

1.72 

o 

Cr. 

1.55 

T  4 

56S;  British  DTD  303 

5.2  Mg,  0.1  Mn,  0.1 

1.17 

0 

Cr. 

1.09 

H  18 

as  21.... 

6  IS . 

1  Mg,  0.6  Si,  0.25  Cu, 

1.72 

0 

0.25  Cr. 

1.55 

T  4 

62S . 

0.25  Cu,  0.6  Si,  1  Mg. 

1.72 

I  o 

1.55 

T  4 

63S . 

0.4  Cu,  0.7  Mg... . 

1.93 

T  42 

2.09 

T  5 

ZC.42  ... 

75S . 

5.5  Zn,  2.5  Mg,  1.5 

1.21 

T  6 

Cu,  0.30, 0.2  Mn. 

R  301 . 

1  Mg,  0.7  Si,  0.5  Mn. 

1.93 

0 

1.21 

T  4 

1.55 

T  6 

R  317 . 

4Cu,0.5Mn,  0.5  Mg, 

1.72 

0 

Pb,  0.5  Bi. 

1.21 

T  4 

CASTING  ALLOYS 


85 . 

13 . 

12  Si . 

1.55  to  1.21 

S4 . 

43 . 

5  Si . 

1.47 

1.67 

Annealed. 

SC  2 . 

85 . 

5  Si,  4  Cu . 

1.17 

108 . 

4  Cu,  3  Si . 

1.21 

1.47 

Annealed. 

SC  8 . 

Allcast . 

5  Si,  3  Cu . 

1.05 

1.17 

Relieved. 

1.13 

Aged. 

1.38 

T  7 

SCI . 

A108 . 

5.5  Si,  4.5  Cu . 

1.42 

112 . 

7  Cu,  1.7  Zn . 

1.17 

1.47 

Annealed. 

CS22. . .. 

113 . 

7  Cu,  2  Si,  1.7  Zn _ 

1.17 

1.47 

Annealed. 

CS  22  . . . . 

Cl  13 . 

1.09 

CG  1 . 

122 . 

10  Cu,  oi  Mg . 

1.59 

T  2 

1.30 

T  81 

1.34 

ALUMINUM  ALLOYS  (Coat'd) 
COMPANY  AND  TRADE  MANUALS 


ASTM 

designa¬ 

tion 

Trade  designation 

Nominal 

composition*  (%) 

Conductivity 

State 

w/em  deg  K 

SC  41 ... . 

A  132 . 

12  Si,  2.5  Ni,  1.2  Mg, 

1.17 

T  551 

0.8  Cu. 

D  132 . 

9  Si,  3.5  Cu,  0.8  Mg, 

1.09 

0.8  Ni. 

138 . 

10  Cu,  4  Si,  0.3  Mg 

1.05 

CN21  ... 

142 . 

4  Cu,  2  Ni,  1.5  Mg 

1.67 

1.34 

1.51 

1.30 

Cl . 

195 . 

4.5  Cu 

1  38 

1.47 

CS  4 . 

B  195 . 

4.5  Cu,  2.5  Si.  . 

1  38 

T  4 

1.42  to  1.88 

T  6 

212 . 

8  Cu,  1.2  Si . 

1.17 

G  1 . 

214;  British  DTD  165. 

3.8  Mg . 

1.38 

1.38 

Annealed 

A  214 . 

3.8  Mg,  1.8  Zn . 

1.34 

B  214 . 

3.8  Mg!  1.8  Si . 

1.47 

F  214 . 

3.8  Mg!  0.5  Si . 

1.42 

218 . 

8  Mg . 

0.96 

220 . 

10  Mr 

88 

T  4 

SC  8 . 

319 . 

6  Si,  3.5  Cu . 

1.13 

333 . 

9  Si  3.8  Cu 

1.05 

F 

1.21 

T  5 

1.17 

T  6 

1.42 

T  7 

SC  21 ... . 

355 . 

5  Si,  1.3  Cu,  0.5  Mg.. 

1.67 

T  51 

1.42 

T  6 

1.47 

T  61 

1.63 

T  7 

1.51 

Chill  T  6. 

SG  1 . 

356 . 

7  Si,  0.3  Mg  . 

1.67 

T  51 

1.55 

T  6 

1.59 

T  7 

1.63 

Chill  T6. 

360,  A360 . 

9.5  Si . 

1.13  to  1.47 

380,  A380 . 

9  Si,  3.5  Cu 

0.96  to  1  09 

384 . 

12  Si,  3.8  Cu . 

0.96 

A612 . 

6.5  Zn,  0.7  Mg,  0.5 

.96 

Cu. 

C  612 . 

1.59 

Mg.  * 

750 . 

6.5  Sn,  1  Cu,  1.0  Ni. . 

1.80 

TITANIUM  ALLOYS 


Curve 

Composition  (%) 

Conductivity  and  Remarks 

Reference 

2.8  Cr,  1  Fe . 

w/cm  deg  K 

Abstract  only;  k =  0.13  at 
273°K,  0.10  at  195“K.  0.06 
at  80°K. 

C.  J.  Rigney  and 
L.  I.  Bockatahler 
(1951). 

W.  W.  Tyler  and 
A.  C.  Wilson 
(1952). 

Fig.  29; 
T.W.- 
Ti. 

Rem-Cru  Titanium,  RC 
130-B;  4.7  Mn,  3.99 
Al,  0.14  C. 

TUNGSTEN 


Composition 

Conductivity  and  remarks 

reference 

w/cm  deg  K 

Single  crystal;  **1.83  at  83"K,  1.80at21°K.. 

E.  Griineisen  and 
E.  Goens 
(1927). 
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CHROMIUM 

COMPANY  AND  TRADE  MANUALS 


Composition 

Conductivity 

w/em  deg  K 

Commensal . 

*«0.67  at  3<rC. 

IRON 

See  figures  8  and  9  under  “METALLIC  ELEMENTS” 

STEELS 

The  tables  for  steels  are  arranged  into  groups  where 
the  principal  alloying  metals  are  as  follows:  carbon; 
silicon;  copper,  chromium,  cobalt,  manganese,  molyb¬ 
denum,  nickel,  tungsten,  vanadium;  and  aluminum. 


CARBON  STEELS 


Composition  (%) 

Conductivity  and  remarks 

Reference 

0.1  c . 

w/cm  deg  K 

W.  Jaeger  and 

1C . 

H.  Diesaelhont 
(1900). 

Do. 

0.1  C.O.OOMn.  0.05 

*=>0.72  at  18"C . 

E.  Grnneiaen 

Cn,  0.02  Si,  S, 

(1900). 

0.03  P. 

0.57  C.  OH  at  0.1 

*-0J«2  at  18°C . 

Do. 

Mn,  0.04  8,  0.03 
Co,  0.01  P. 

0H9  C.0.1  Mn,  0.08 
8t  0.03  8,  Cu. 

*-0.51  at  IffC . 

Da 

1-5  C,  OH  Mn,  0.06 

*-0.60  at  18°C . 

Da 

8i,  0.03  Cu,  8, 
0.01  P. 

lC;“sih«r  steel”. . 

See  figure  23,  curse  with  initial  L . 

C.  H.  I>eea 

(1908). 

CARBON  STEELS  (Coat'd) 


Composition  (%)■ 


0.1  C.  0.4  Mo,  0.02  P.  0.02  8 . 

0.4  C,  OH  S,  0.4  Mn.  0.02  P,  0.02  8 . 

0.7  C,  OH  Si,  0.2  Mn,  0.03  P,  042  8 . 

OS  C,  0.3  Si,  OH  Mn,  0.03  P.  0.02  S . 

1.0  C.  OH  8t  OH  Mn,  0.03  P.  0.02  8 . 

1.2  C,  0.3  S,  OH  Mn,  0.03  P,  0.02  8 . 

IA  C,  OH  at  OH  Mn,  0.03  P.  0.02  S . 

2.41  C.  0.12  at  0.08  Mn,  0.04  P,  0.09  8. . . . 


Conductivity1 

State > 

w/cm  deg  K 

0.00 

.44 

.46 

.42 

.42 

.40 

-39 

H2 

H3 

H3 

H3 

As  cast 

Annealed  1,000®C,  2  hr. 
6  hr. 

8  hr. 

CARBON  STEELS  (Coat’d) 


Compoaition  (%) 1 

Conductivity 1 

State1 

2.53  C.  0.06  Si.  0.02  Mn.  0.01  P.  0.03  S ,  . . . 

w/cm  deg  K 

.31 

Aa  cast. 

2.67  C,  0.11  Si,  0.02  Mn,  0.03  P,  0.06  8. . . . 

.30 

Do. 

.32 

1,000°C  annealed,  2  hr. 

H2 

6  hr. 

.32 

8  hr. 

3.12  C.  0.06  Si,  0.06  Mn.  0.02  P.  0.06  8. . . . 

.26 

As  cast. 

3.14  C,  0.01  Si,  0.03  Mn.  0.02  P.  0.03  8. . . . 

H6 

Do. 

3.17  C,  0.21  St  0.08  Mn,  0.04  P,  0.06  8. . . . 

H8 

Da 

H6 

Annealed  1,000°C,  2  hr. 

H6 

6  hr. 

H7 

8  hr. 

3A3  C,  0.04  Si,  0.05  Mn.  0.01  P.  0.06  8, 

H3 

As  cast. 

3.64  C,  0.16  Si,  0.04  Mn,  0.02  P,  0.02  8. . . . 

HI 

Do. 

.23 

Annealed  1,000°C,  2  hr. 

H3 

6  hr. 

H3 

8  hr. 

3.93  C,  0.15  Si.  0.04  Mn.  0.02  P.  0.06  8.  . 

.20 

As  cast. 

3.96  C,  0.2  Si,  0.06  Mn,  0.01  P,  0.02  S . 

.19 

As  cast. 

.21 

Annealed  1,000°C,  2  hr. 

H6 

6  hr. 

4.13  C,  0.10  Si,  0.03  Mn,  0.02  P,  0.02  8 .  . . . 

.50 

8  hr. 

.18 

Aa  cast. 

HO 

Annealed  1,000*0,  2  hr. 

4H6  C,  0.10  Si,  0.03  Mn,  0.02  P,  0.02  S. . . . 

.17 

As  cast. 

.19 

Annealed  1,000°C,  2  hr. 

4.35  C,  0.36  St  0.08  Mn,  0.02  P,  0.02  8. . . . 

.15 

Aa  cast. 

A7 

Annealed  1,000*0,  2  hr. 

4.40  C,  0.34  Si,  0.03  Mn,  0.02  P,  0.08  8. . . . 

.15 

Aa  cast. 

.17 

Annealed  1,000°C,  2  hr. 

4.61  C,  0.37  Si,  0.03  Mn,  0.02  P,  0.04  S. . . . 

.13 

As  cast 

.15 

Annealed  1,000°C,  2  hr 

4.63  C,  0.54  Si,  0.08  Mn,  0.02  P,  0.07  8. . . . 

.13 

Aa  cast. 

M 

Annealed  1,000°C,  2  hr. 

3.82  C,  1.24  Si,  0.09  Mn,  0.01  P,  0.06  3. . . . 

.13 

As  cast. 

.20 

Annealed  800°C,  1  hr. 

3.81  C,  1.96  St  0.05  Mn,  0.05  8. . 

.13 

Aa  cast. 

H5 

Annealed  800*0,  1  hr. 

.40 

Add.  annealed  1,000°C 

3.84  C,  1.98  St  0.06  Mn,  0.01  8 . 

.43 

1  hr. 

Aa  cast 

A2 

Annealed  800°C,  1  hr. 

>  Result!  by  H.  Mssumota  (1927)  nt  25°C. 


CARBON  STEELS  (Cont’d) 


Curve 

Compaction  (%) 

Remarks 

Reference 

Fig.  24;  Mild.. 

0.14  C,  0.08  St  0.07  Mn. . 

“Mild  steel”;  heated 
to  800°C  and  fur¬ 
nace-coded. 

JT.de  Nobel 
(1951). 

Fig.  23; 
P.Z.J.- 
SAE  1020. 

0.33  Mn,  0.18  C,  0.014  Si. . 

B.  W.  Powers, 

J.  B.  Ziegler, 
H.  L.  Johnston 
(1951n). 

0.93  C,  0H4  Mn,  0H6  St 
0.1  Hi,  Cr,  0.05  Ma 

Fig.  23; 
P.Z.J.- 
SAE1096. 

Da 

CARBON  STEELS  (Cont’d) 
COMPANY  AND  TRADE  MANUALS 


Composition  (%) 

Conductivity 

0.08  C,  0.046  Or,  0.07  Ni,  0.31  Mn,  0.02  Mo . 

w/cm  deg  K 

0.59 

J>2 

A3 

.49 

.46 

0H3  C.  trace  Cr,  0.074  Ni,  0.636  Mn,  0.13  Cu . 

0.416  C,  trace  Cr,  0.063  Ni,  0.643  Mn,  0.12  Cu . 

0.80  C,  0.11  Cr,  0.13  Ni,  0.32  Mn,  0.07  Cu,  0.01  Mo . 

1H2  C,  0.11  Cr,  0.13  Nt  0.35  Mn,  0.01  Mo,  0.08  Cu . 
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CONDUCTIVITY, mw/cm  degK 
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Specific  references  can  be  found  under  the  type  of  steel. 


SILICON  STEELS 


Compositioo  (%) 

Conductivity  and  remarks 

Reference 

*/cm  deg  K 

0.2  Si,  0.1  C.  0.1 

*=0.60  at  18“C . 

W.  Jaeger  and 

Md,  trace  of  P,  8, 

H.  Dieaselborst 

and  Cu. 

(1900). 

CORROSION  RESISTING  STEELS 
(Copper,  chromium,  cobalt,  manganese,  molybed- 
num,  nickel,  tungsten,  and  vanadium) 


Curve 

Composition  (%) 

Remarks 

Reference 

Fig^23;  Kr. 

0.6  Ma,  0.4  C,  OJ  Si,  0.03 
8,  OJ  P. 

"Stiinlem" . 

J.  Karweil  End 

K.  SchSfer 
(1939). 

E.  R.  Wilkinson 
snd  J.  Wilks 
(1949). 

k=7  mw/cm  deg  K 
it  10°K,  11  it  16° 
K,  IS  st  20°K. 

CORROSION  RESISTING  STEELS  (Coat'd) 


Curve 

Com  position  (%) 

Remarks 

Refmnee 

Fig.  24;  2% 

1.92  Ni,  0.72  Mo,  0.21  S. 
0.14  C. 

Heated  to  800°C  and 
furnace-cooled. 

J.  de  Nobel 
(1951). 

24%  Ni . 

24.30  Ni,  6.06  Mo,  1.18  C. . 

Heeled  to  1,060*0 snd 
aster -quenched. 

Do. 

27%  Ni . 

27  JO  Ni,  14.9  Cr,  3J  W, 
1.62  Si,  1.34  Mn,  0.44  C. 

sm 

■1 1  niSlB 

Do. 

31%  Ni . 

31.4  Ni,  0.82  Mn,  0.7  C. . . 

Hested  to  800°C  snd 
furnsce -cooled. 

Do. 

Do. 

36%  Ni . 

36.17  Ni.  0.92  Mo,  0.16  C, 
0.09  a. 

Hested  to  1,0600  snd 
aster-quenched. 

Do. 

67%  Ni . 

576  Ni,  1.31  Mo,  0J4  C, 
0.14  Si. 

As  forged;  “A.M.F.”. 

Da 

2%  Mn . 

2J3  Mo,  0.41  C,  0.07  Si. . . 

Heated  to  800°C  and 
furnace-cooled. 

Do. 

13g,  Mn,  1% 

12.69  Mo,  127  C,  0.12  &. . 

Hested  to 2,000°C  sod 
wster-quenched, 
“msnganeae  steel”. 

Do. 

Da 

13%  Mn . 

12.95  Mo,  0.10  S,  0.12  S, 
0.09  C,  0.06  P. 

Hested  to  1,000°C  snd 
wster-quenched. 

Do. 

39%  Mn . 

38.9  Mn,  0.7  Si,  02  C,  0.06 
S,  0.04  P. 

Da 

43 


Specific  references  can  be  found  under  the  type  of  steel. 


CORROSION  RESISTING  STEELS  (Cont’d) 


Carre 

Composition  (%) 

Remarks 

Reference 

13%  Cr . 

135  Cr.  0.38  C,  0.22  Si. 
0.13  Mn. 

Heated  to  800°C  and 
furnace-cooled. 

J.  de  Nobel 
(1951). 

13%  Cr. 

quenched. 

. do . 

Heated  to  950*C,  oil 
quenched,  reheated 
to  460°C,  air¬ 
cooled. 

Do. 

Do. 

1#%  Cr . 

18.8  Cr.  8.1  Ni,  0.43  8i. 
0.24  Mn,  1.12  C. 

,  Heated  to  1 ,150°C  and 
water-quenched. 

Do. 

3%  Ni . 

2.81  Ni,  0.75  Mo.  0.49  Cr. 
0.45  Mn,  0.27  C,  0.11  Si. 
0.03  P,  0.01  S. 

Heated  to  850°C,  oil- 
quenched,  reheated 
to  650°C,  water* 
quenched. 

Do. 

Fig.  23; 
P.ZJ.-SAE 
4130. 

0.99  Cr,  OJ52  Mn,  033  C. 
0.2  Si,  Ni,  and  Mo  each. 

R.  W.  Powers, 

J.  B.  Ziegler, 
andH.  L. 
Johnston 
(1951a). 

P.Z.J.-410... 

12.8  Cr,  036  Si,  032  Mn, 
0.12  Ni,  0.09  C,  0.06  Cn, 
0.03  N,  0.01  P. 

Do. 

CORROSION  RESISTING  STEELS  (Cont’d) 


Curve 

Composition  (%) 

Remarks 

Reference 

P.Z.J.-347. . . . 

17.88  Cr,  10.28  Ni,  1.24 
Mn,  0.85  Nb,  057  Si, 
0.26  Cu,  0.06  C,  0.03  N, 
0.02  P. 

R.  W.  Powers, 

J.  B.  Ziegler, 
mnd  H.  L. 
Johnston 
(1951a). 

P.  Z.J.-304... 

18.680, 8.84  Ni,  1.12  Mn, 
0.43  Si,  0.06  Cn,  0.05  C, 
0.03  N,  0.02  P. 

Do. 

Fig.  23;  B.- 
Stainfess. 

7.9  Ni,  18.9  O,  1  Ti,  0.7 
Si,  0.1  C. 

Austenite  grains 
about  0.01  mm 
across. 

R.  Berman 
(1951b). 

Fig.  23;  Es. 
Zi.-303. 

18  O,  9  Ni,  0.15  C . 

J.  E.  Zimmer¬ 
man  (1952). 

Es.Zi.-347.... 

180, 10Ni,05Nb,0.08C. 

17  0, 12  Ni,  25  Mo,  0.1  C . 

Do. 

T.W.-316 . 

25%  cold  reduction . . 

W.  W.  Tyler  and 
A.  C.  Wilson 
(1952). 

CORROSION  RESISTING  STEELS  (Cont’d) 
COMPANY  AND  TRADE  MANUALS 


A1SI  No. 

Nominal  composition  (%) 

Conductivity 

0.08  C,  .045  Cr,  .07  Ni,  .31  Mn,  .02  Mo . 

w/cm  deg  K 

0.59 

0.23  C,  trace  Cr,  .074  Ni,  .636  Mn,  .13  Cu . 

.52 

0.415  C,  trace  Cr,  .063  Ni,  .643  Mn,  .12  Cu . 

.52 

0.325  C,  .17  Cr,  3.47  Ni,  0.55  Mn,  .00  Cu,  .04  Mo . 

.37 

0.34  C,  0.78  Cr,  3.53  Ni,  0.55  Mn,  .39  Mo,  .05  Cu  . 

.33 

0.315  C.  1.09  Cr,  0.073  Ni,  .69  Mn,  .012  Mo,  .07  Cu . 

.48 

0.35  C.  .88  Cr,  .26  Ni,  .59  Mn,  .2  Mo,  .12  Cu . 

.43 

5  Cr,  <3.5  Mo . 

.37 

1.22  C.  0.03  Cr,  .07  Ni.  13.0  Mn,  0.22  Si,  .07  Cu  .  . 

.13 

0.28  C,  trace  Cr,  28.37  Ni,  0.89  Mn,.15  Si,  .03  Cu  . . 

.13 

0.08  C,  19.11  Cr,  8.14  Ni,  0.37  Mn,  .68  Si,  .6  W, 

.16 

.03  Cu. 

0.13  C,  12.95  Cr,  0.14  Ni,  .25  Mn,  .17  Si,  .06  Cu, 

.27 

.01  V. 

0.27  C,  13.69  Cr,  0.21  Ni,  .28  Mn,  .25  W,  .02  V . 

.26 

0.715  C.  4.26  Cr,  0.067  Ni,  .25  Mn,  18.45  W,  1.08  V  . 

.25 

302 

0.14  C,  18  Cr,  9  Ni,  2  Mn . 

.22 

303 

0.15  C,  18  Cr,  9  Ni,  0.07  P,  S,  Se  each,  .6  Zr,  Mo  each . . 

.22 

300 

0.20  C,  23  Cr,  13  Ni,  2  Mn . 

.19 

410 

0.15  C,  12.5  Cr . 

.40 

416 

0.15  C,  13  Cr,  0.07  P,  S.  Se  each,  .6  Zr,  Mo  each  . 

.40 

420 

0.15  C  or  more,  13  Cr . 

.33 

430 

0.12  C,  16  Cr . 

.30 

440 

0.7  C,  17  Cr.  0.75  Mo . 

.25 

15  0,  35  Ni .  . 

.13 

NICKEL  ALLOYS 

COMPANY  AND  TRADE  MANUALS 


Trade 

Designation 

Nominal  composition  (%) 

Conductivity 

w/cm  deg  K 

A  Nickel 

99.4  Ni+Co,  0.2  Mn,  .15  Fe,  .1  Cu,  .1  C . 

0.61 

D  Nickel 

95  Ni,  4.5  Mn .  . 

.48 

67  Ni,  30  Cu,  1.4  Fe,  1  Mn,  0.15  C,  .1  Si . 

.26 

K  Monel . 

66  Ni,  29  Cu.  2.75  Al,  0.9  Fe,  .75  Mn,  .5 Si,  .15  C 

.19 

57  Ni,  20  Mo,  20  Fe . 

.17 

62  Ni.  30  Mo,  5  Fe . 

.11 

58  Ni,  17  Mo,  15  O.  5  W,  5  Fe . 

.13 

85  Ni,  10  Si,  3  Cu . 

.21 

80  Ni.  14  Cr.  6  Fe . 

.15 

58  Ni.  22  Cr,  6  Cu,  Mo,  Fe  each . 

.12 

80  Ni,  20  Cr . 

.56 

60  Ni,  24  Fe,  16  Cr . 

.14 

35  Ni,  50  Fe,  15  Cr . 

.13 

45  Ni|  55  Cu’ . 

.23 

DEOXIDIZED  STEELS 

(Aluminum) 


Curve 

Composition  (%) 

Remarks 

Reference 

Fig.24;4%Al. 

4.11  Al.  0.13  Si,  0.08  Mn, 

Heated  to  800"C  and 

J.  de  Nobel 

0.03  C,  0.01  S. 

furnace-cooled. 

(1951). 

45 
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TEMPERATURE  ,°K 


NICKEL.  ALLOYS  (Cont’d) 


Carve 

Composition  (%) 

Cood activity  and 
remarks 

Reference 

w/cm  deg  K 

97J0  Ni,  1.4  Co,  1  Mil,  0.4 
Fe. 

*=0.59  mi  18°C . 

W.  Jaeger  mod 
H.DieeaeUuni 
(1900). 

80  Ni,  20  O;  “nichroroe”. . 

At =0.31  above  room 

R.  Ekuchi 

temperature. 

(1932). 

70  Ni,  18  Cr,  12  Fe . 

A=OJ28  above  room 

Da 

temperature. 

Fig.  26;  Kr. 
Sc.-Contr- 
mcid. 

60  Ni,  15  Cr,  16  Fe,  7  Mo. . 

K.  Schifer 
(1939). 

80  Ni,  14  Cr,  8  Fe . 

R.  W.  Pawns, 

J.  B.  Ziegler, 
mod  H.  L. 
Johnston 
(1951c). 

net 

P.ZJ.-Cootr- 

00.06  Ni,  14.74  O,  15.82 
Fe,  72  Mo,  2.14  Mn, 
0.06  C. 

Do. 

mad. 

P.  Z.  J.  Mood. 

67  Ni,  30  Cu,  1.4  Fe,  1.0 
Mn,  0.15  C,  .1  Si,  .01  S. 

Do. 

P-ZJ.-Maoel, 

cold. 

Do. 

NICKEL  ALLOYS  (Oont’d) 


Curve 

Compositioo  (%) 

Conductivity  mod 
remarks 

Reference 

N.-Moael . 

Commercial;  99.4  Ni . 

87  Ni,  30.2  Cu . 

w/cm  deg  K 

See  Fig.  8  mod  Nickel 
Table  under  "Me¬ 
tallic  Elements’'. 

J.  de  Nobel 
(1951). 

Da 

Fi^  24;  57% 

Fig.  25;  Es. 

57.5  Ni,  Ul  Mn,  0.34  C, 

Am  forged . 

Da 

.14  Si;  remminder  Fe,  ap- 
proz.  40. 

I.  Eetennann  and 

Zi.-Inconei 

(drawn). 

J.  E.  Zimmer¬ 
man  (1962). 

Do. 

nel,  #  1. 

Da 

nel,  #2. 

Do. 

Es.Zi.-Mooel, 

(mnnemled). 

Do. 
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PRECIOUS  METAL  ALLOYS 

See  also  the  tables  given  under  “SILVER  ALLOYS” 
and  “GOLD  ALLOYS". 


PALLADIUM  ALLOYS 

CompadtioD  (%) 

Conductivity  mnd  remarks 

Reference 

w/cm  deg  K 

90  Pd,  10  A« . 

A=0.48at25°C . 

(1911). 

80  Pd,  20  Ag . 

k—027  at  250C . 

Do. 

70  Pd,  30  A* . 

Jt*=0^2  at  26°C . 

Do 

60  Pd,  <0  A* . 

A— 0^7  »t  2t°C . 

Do. 

tO  Pd,  CO  Ag . 

*-0.32  at  2t°C . 

Do. 

90  Pd,  10  Aa . 

A—0JS2  at  25°C . 

Do. 

80  Pd,  20  Au . 

*>=0.42»t26T . 

Do. 

70  Pd,  30  Aa . 

*—0.40  at  2t°C . 

Do. 

DO  Pd,  <0  Aa . 

*— 0J6  at  2t°C . 

Da 

CO  Pd,  CO  Aa . 

*— 0J6  at  2t°C . 

Do. 

90  Pd,  10  Pt . 

*— 0JS6  at  2t”C . 

Do. 

80  Pd,  20  Pt . 

*— 0.44  at  2t°C . 

Do 

70  Pd,  30  Pt . 

A— 0.40  at  2FC . 

Da 

60  Pd,  40  Pt . 

A— 0^8  at  2t°C . 

Do. 

to  Pd,  to  Pt . 

k-037  at  2TC . 

Do. 

PALLADIUM  ALLOYS  (Cont’d) 


Competition  (%) 

Conductivity  and  remarks 

Reference 

Commercial . 

w/cm  deg  K 

A: =0.42  at  17°C . 

85.5  Pd,  14A  Cu  . . . 

Pd,y crystalline;  see  Fig.  26,  “Pd-15%  Cu”. . , 

R.  M.  Winter 
(1925). 

E.  Gruneisen  and 

50  Pd,  iO  Ca . 

H.  Reddemann 
(1934). 

Da 

55  Pd,  45  Au . 

Annealed  2  hr.  at  800°C;  see  F5g.  26,  “Pd- 

Do. 

45%  Au”. 

PLATINUM  ALLOYS 


A— 0.516  at  18°C . 

W.  Jaeger  and 
H.Dimettiomt 
(1900). 

F.  A.  Sebolse 
(1911). 

90  Pt,  10  Pd . 

A— 0.43  at  25°C . 

80  Pt,  20  Pd . 

A— 0.42  at  25*C . 

70  Pt,  30  Pd . 

A-0J6  at  25°C . 

Do. 

60  Pt,  40  Pd . 

A— 0J4  at  25’C . 

Da 

50  Pt,  50  Pd . 

A— 037  at  25°C . 

Do. 
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PLATINUM  ALLOYS  (Coat’d) 


Compodtioa  (%) 

Conductivity  and  remarks 

Reference 

90  Pt,  10  Ir . 

w/em  deg  K 

A -0.31  at  irC . 

86  Pt»  15  Ir . 

A -0.23  at  irC . 

R.  M.  Winter 
(1926). 

Do. 

80  Pt,  2G  Ir. . . 

A— 0.18  at  17*C . 

Do. 

90  Pt,  10  Rh. .  . 

A— 0.30  at  17*C . . 

Do. 

90  atomic  %  Pt,  4 

A— 0.46  at  18*C . 

C.  H.  Johansson 

atomio  %  Ait 

and  J.  0.  Linde 

90  atomic  %  Pt,  10 

A— 0.36  at  18"C . 

(1930). 

Do. 

atomio  %  Au. 

76  atomio  %Pt,  26 

A -0.24  at  18*C . 

Do. 

atomio  %  An. 

66  atomio  %  Pt,  46 

A— 0.21  at  18*C . 

Do. 

atomic  %  An. 

See  also  the 

COPPER  ALLOYS 
“COPPER-NICKEL  ALLOY’’ 

’  gTaph  and 

and  tables. 

Curve 

Composition  (%) 

Conductivity  and  remarks 

Reference 

About  82  Cu,  IS  Ni, 
22  Zo. 

About  82  Cu,  18  Zn. . . 

About  68  Cu,  35  Zn. 

0.34  P . 

w/cm  deg  K 

“Neueilber”;  A-0.29  at 
(PC. 

“Red  bran";  A-1.03  at 
0*C. 

“Yellow  brass”;  A =0.86 
st  0“C. 

A— 0.96  at  15*C . 

L.larem  (1881). 

Do. 

Do. 

A.  Rietsscb 
(1900). 

Do. 

Do. 

Da 

Da 

Do. 

Da 

Da 

Do. 

Da 

Da 

W.  Jaeger  and 
H.Diemelhomt 
(1900). 

Da 

C.  H.  Lees 
(1908). 

Da 

Da 

Da 

A.  Eacken  and 

O.  Neumann 
(19*4). 

Da 

0.87  P . 

A— 0.81  at  15“C . 

1.79  P . 

A— 0.63  at  16°C . 

2.08  P . 

A -0.34  at  16“C . 

2.35  P . . . 

* -0.27  at  UPC . 

5.25  P . 

!  *—0.15  at  15°C . 

L04  Aa . 

A-1.14at  16°C . 

1.80  Aa . 

A— 0.82  at  16“C . 

2.05  Aa . 

A-0A4  at  15*C . 

3.00  Aa . 

A -0.54  at  15*C . 

5.02  Aa . 

A— 0.20  at  15®C . 

86.7  Cu,  7.16  Zn,  <L39 
Sn,  0.6  ML 

84  Cu,  12  Mn,  4  Ni. . . 

70  Cu,  30  Zo . 

“Rad  braa”;  A -0.60  at 

ire. 

A— 0.22  at  18°C . 

Kfc£L- 

Fi*.  27;  L.- 
Qer.  siiv. 

L-Plat. . 

62Cu.22Zn.16Ni... 

Approx,  same  aa 
snore. 

84  Cu,  12  Mn,  4  Ni. . . 

82  Co,  18  Zn . 

“Platinoid" . 

L.-Manganin. 

wU«n|MilMH  . 

“Rad  brim";  “fine"  crys- 
tale;  A- 127  at  273% 
0.66at90*K. 

“Bed  braa";  “luge”  ays- 
tale;  A-1JO  at  273% 
0.68  at  90% 

COPPER  ALLOYS  (Coat'd) 


Curve 

Compoaition  t%) 

Conductivity  and  remarks 

Reference 

w/cm  deg  K 

70  Cu,  30  Mn . 

About  48  crystals  per  cen¬ 
timeter. 

60%  Mn, 

1. 

K.  Dittrich 
(1927). 

About  112  crystals  per 
centimeter. 

Do. 

60%  Mn, 
2. 

Unannealed;  A -3.57  at 
83*  and  21*K. 

E.  Goens 
(1927). 

Annealed  3  hr  at  390°C; 
A— 4.08  at  83%  6.19  at 
21*K- 

Da 

Fig.  27;  G. 
Re. -4% 
Au. 

96.5  Cu,  4.6  Au . 

Polyeryatalline;  unan¬ 
nealed. 

E.  GrOneisen  and 
H.Reddemann 
(1934). 

G.  Re.-10% 
Au. 

90.3  Cu,  9.7  Au . 

Polycrystalline;  unan¬ 
nealed. 

Do. 

75.1  Cu,  24.9  Au.  ... 

Quenched  from  800°C; 
*-0.34  at  83°K. 

Do. 

Annealed  20  hr  at  400°C; 
*-0.61  at  83°K. 

Do. 

Annealed  32  hr  at  360°C; 
*-0.63  at  83°K. 

Da 

Same  as  above  except  later 
annealed  2  hr  at  820°C, 
then  quenched;  *—0.23 
at83°K. 

Do. 

Q.  Re .-25% 
Au. 

Same  as  above  except  later 
annealed  6  months  st 
room  temperature. 

Do. 

G.  Re.-28% 
Au.  an¬ 
nealed. 

Same  as  above  except  ad¬ 
ditionally  annealed  30 
hr  at  320°C. 

Do. 

G.  Re.-Cu- 
60%  Au. 

49.9  Cu,  80.1  Au . 

Annealed  30  hr  at  320“C ... 

Da 

G.  Rs.-Cu- 

49.9  Cu.  60.1  Pd.  ... 

Do. 

80%  Pd. 

G.  Re. -6% 
Pd. 

93.6  Cu,  6.4  Pd . 

Polyeryatalline;  unan¬ 
nealed. 

Da 

66  Cu,  46  Pd . 

Annealed;  A—0.67  at  83°K. 

Annealed  2  hr  at  800°C. . . . 

Do. 

G.  Re.-45% 
Pd. 

Da 

G.  Re.-46% 
Pd,  (an¬ 
nealed). 

Da 

320*0. 

COPPER  ALLOYS  (Coat'd) 


Composition  (%) 1 

Conductivity  1 

99.986  Cu,  0.0016  Fe,  .02  Oi . 

w/em  deg  K 

3.93  « 

2.13  * 

1.92  * 

1.66  » 

1.20  » 

0.82  * 

0A1  » 

034  * 

99.80  Cu,  0.19  S,  .02  Fe.-. . 

99.78  Cu,  0.23  S,  .02  Fe . 

99-06  Cu,  0.32  84  -032  Fe . 

99 A3  Cu,  0.46  SL  .03  Fe . 

99.06  Cu,  1.00  a,  0.03  Fe . 

98.09  Cu,  1.98  »,  0.06  Fe . 

96.00  Cu,  3.91  ffi,  0.02  Fe . 

1  The*  nine*  were  determined  by  C.  S.  Smith  (1936)  tt  20°C.  Sometimes  the  com¬ 
position  peroeotages  add  op  to  more  than  100. 

*  The  oopper-silieon  alloy*  were  hot-rolled,  cold-drawn  and  annealed  at  700*C  and 
were  in  the  homogeneooi  a  aohd  eolation. 
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COPPER  ALLOYS  (Cont’d) 


Composition  (%)  1 

Conductivity  1 

99.95  Cu,  0.07  Al,  .01  Fe . 

w/cm  deg  K 

3.52  > 

2.91  * 

2.35  * 

1.75  » 

1.23  « 

0.83  » 

0.72  > 

0.65  » 

0.66  » 

0.54  * 

3.62  » 

3.28  > 

2.26  » 

1.50  » 

1.02  » 

0.49  « 

0.26  * 

0.15  * 

99.77  Cu,  0.22  Al,  .01  Fe . 

99.47  Cu,  0.47  Al,  .02  Fe . 

99.20  Cui  0.71  Al,  .09  Fe . 

98.08  Cu,  1.89  Al,  0.03  Fe . 

95.25  Cu,  4.61  Al,  0.14  Fe . 

92.15  Cuj  7.72  Al,  0.13  Fe . 

90.56  Cu,  9.37  Al,  0.07  Fe . 

89.88  Cui  9.90  Al,  0.22  Fe . 

87.76  Cui  12.15  AI,  0.09  Fe . 

99.94  Cu,  0.07  Mn,  .01  Fe,  .02  Mg . 

99.88  Cu,  0.14  Mn,  .01  Fc,  .01  Mg . 

99.55  Cu,  0.43  Mn,  .01  Fe,  .01  Mg . 

99.05  Cu,  1.05  Mn.  0.01  Fe,  .01  Mg . 

98.27  Cu,  1.77  Mn,  0.03  Fe,  .01  Mg . 

95.34  Cu,  4.55  Mn,  0.06  Fc,  .02  Mg . 

90.25  Cu,  9.53  Mn,  0.18  Fc,  .02  Mg,  .021  C . 

80.03  Cu,  19.82  Mn,  0.09  Fe,  .02  Mg,  .035  C . 

1  These  values  were  determined  by  C.  S.  Smith  (1935)  at  20°C.  Sometimes  the  com¬ 
position  percentages  add  up  to  more  than  100. 

*  The  copper-aluminum  alloys  were  rolled  and  annealed  at  700°C  and  were  in  the  a 
solid  solution  (except  the  12%  AI,  which  was  S ). 

*  The  copper-manganese  alloys  were  deoxidised  with  magnesium,  hot-rolled,  and  an¬ 
nealed  at  700°C. 


COPPER  ALLOYS  (Cont’d) 


Composition  (%)  1 

Conductivity  1 

State  > 

99.986  Cu,  0.002  Fe,  .02  Oi . 

w/cm  deg  K 

3.94  « 

66.24  Cu,  33.72  Zn,  0.03  Pb,  .01  Fe,  .001  S . 

1.20  2 

96.94  Cu,  3.04  Zn,  0.02  Fe . 

2.68  2 

95221  Cu,  4.77  Zn,  0.02  Fe . 

2.42  2 

97.49  Cu,  0.06  Fe,  27  Ni,  2.24  Be . 

0.86  2 

Quenched. 

97.49  Cu,  0.06  Fe,  .27  Ni,  2.24  Be . 

1.03  2 

Reheated. 

97.49  Cu,  0.06  Fe,  .27  Ni,  2.24  Be . 

0.74  ’ 

Quenched,  cold- 

97.49  Cu,  0.06  Fe,  .27  Ni,  2.24  Be . 

0.82  2 

drawn. 

Reheated. 

85.10  Cu,  12.97  Zn,  1.88  Pb,  0.05  Fe . 

1.60  2 

61.85  Cu,  34.79  Zn,  3.29  Pb,  0.07  Fe . 

1.08  2 

65.99  Cu,  29.18  Zn,  4.02  Pb,  0.01  Fc . 

1.11  2 

88.07  Cu,  3.70  Zn,  3.77  Sn,  3.83  Pb,  0.03  Fe  .  . 

0.90  2 

88.08  Cu,  4.09  Zn,  3.76  Sn,  3.80  Pb,  0.02  Fr,  .25  P. 

0.56  » 

60.41  Cu,  37.09  Zn,  1.03  Sn,  1.12  Pb,  0.02  Fe,  .18 

1.00  2 

Chill-cast. 

Al,  .21  Si. 

56.01  Cu,  25.93  Zn,  0.18  mn,  17.95  Ni,  0.08  Fc, 

0.30  2 

.02  C. 

63.76  Cu,  19.79  Zn,  0.18  Mn,  16.29  Ni,  0.14  Fe. . 

.34  * 

65.51  Cu,  23.86  Zn,  0.18  Mn,  10.36  Ni,  0.08  Fe, 

.46  2 

.01  C. 

59.76  Cu,  29.88  Zn,  0.15  Mn,  10.13  Ni,  0.04  Fe, 

.42  2 

.04  Mg. 

64.04  Cu,  30.50  Zn,  5.41  Ni,  0.05  Fc . 

.59  1 

1  These  values  were  determined  by  C.  S.  Smith  (1935)  at  20°C.  Sometimes  the  com¬ 
position  percentages  add  up  to  more  than  100. 


2  The  miscellaneous  alloys  were  extensively  worked,  annealed,  and  slov  y  cooled 
except  where  noted. 
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COPPER  ALLOYS  (Coat’d) 


Composition  (%) 


5657  Co,  17.65  Zn,  13.24  Ni,  0.10  Fe,  2.23  So, 
10.44  Pb. 

80.08  Cu.  4.98  Ni,  0.08  Fe,  5.11  Ab  0.74  Si . 

80.08  Cu,  4.98  Ni,  0.08  Fe,  5.11  Al.  0.74  Si . 

80.08  Co,  4.98  Ni,  0.08  Fe.  5.1 1  Al,  0.74  Si . 

58.13  Co.  42.34  Zu,  1.02  Ni,  0.49  Fe . 

80.38  Cu,  0.31  Ni,  0.52  Fe,  .38  So,  9.41  Al . 

75.79  Cu,  22.22  Zn,  0.01  Fe,  1  98  Al . 

59.35  Cu,  38.36  Zn.  0.12  Mn,  1.06  Fe,  0.98  Sn, 
.13  Pb. 

99.864  Cu,  0.03  Fe,  .32  a . 

96.61  Cu,  4211  Mn.  0.11  Fe 
99  51  Cu,  0.01  Fe,  .01  Si.  .85  Cd 

98.41  Cu.  0.02  Fe,  JW  So,  .02  a.  1.07  Cd . 

72.49  Cu,  17.78  Zn.  3.34  Mu,  1.78  Fe.  4,44  Al  . 

94.00  Cu.  1.03  Mn,  0.08  Fe,  4.68  S . 

95.69  Cu,  0.99  Mn.  0.16  Fe,  3.23  Si 
98.10  Cu.  050  Mn,  0.06  Fe,  1.50  Si 
81.55  Cu,  14211  Zn,  0.20  Mn,  0.04  Fe,  4.00  a 

95.83  Cu.  1.12  Zn.  0.02  Fe.  3.11  a . 

78.30  Cu,  0.20  Ni,  8.04  Sn,  13.32  Pb,  0.1  P . 

87.88  Cu,  3.05  Zn,  0.03  Fe,  8.87  Sn . 

8856  Cu,  1.90  Zn,  0.07  Fe,  955  Sn 
60.54  Cu,  36.46  Zn.  0.21  Mn,  0.73  Fe,  1.48  Sn, 
0.04  AL 

99.04  Cu.  0.07  Fe,  .9  Cd . 

50.75  Cu,  0.47  Mn,  48.69  Fe,  0.06  a,  .02  C . 


Conductivity  1 


w/cm  deg  K 


Sand-cast. 

Quenched. 

Reheated. 

Furnace-cooled. 


Sand-east. 


Sand-cast. 

Sand-east. 

Sand-east, 

Sand-east. 


1  These  values  wen  determined  by  C.  S.  Smith  (1936)  at  20°C.  Sometimes  the  com¬ 
position  percentages  add  up  to  more  than  100. 

•The  miscellaneous  alloys  wen  extensively  worked,  annealed,  and  slowly  cooled 
except  when  noted. 


COPPER  ALLOYS  (Coat’d) 


Curve 

Compowtioc  (%) 

Remarks 

Reference 

Fk.  27;  Kr. 
3.-Ger. 

mtf. 

64  Cu,  20  Zn,  16  Ni. . . 

"Netmlbw” . 

J.  Karweil  and 

K.  Sehifee 

(1939). 

Fk.  37;  Kr. 
Se.Jnue 

46  Cu.  41  Zn,  13  Ni. . . 

“Silberfaronae" . 

Do. 

Fk.  29*:  AL 
Mn.'Oer. 
■ik. 

455  Cu,  42.1  Zn,  95 
NL  2.0  Pb,  MS  Fe, 
0.06  Mil. 

“German  Bihrer";  data  fit) 
equation  A— 55X10  4 
T*. 

J.  F.  Allen  and 

E.  Meodosa 
(1948). 

Qer.  aW. 

47  Cb,  61  Zn.  9  NL  2 
Pb. 

i 

Mean  diameter  of  crystals 
was  0.02  nun- 

i 

R.  Berman 

(1961b). 

COPPER  ALLOYS  (Coat’d) 

COMPANY  AND  TRADE  MANUALS 

Name  Nominal  Composition  (%)  Conductivity 

w/cm  deg  K 


Electrolytic  Tom*  Pitch .  99.92  Cu,  0.04  Ot . 

Deoxidised .  99.94  Cu,  0.02  P . 

Oxyta-fm  high  oond .  99.92  Cu . 

8ttver  bearing .  99.9  Cu,  traoe  Ag . 

Arsenical  pbasphoriaed .  99.45  Cu,  02  As,  0.03  P 

Free  cutting .  99.4  Cu,  0.6  Te . .  - . 

Boson  deoxidised .  99.98  Cu,  0.02  B . 

Selenium  oopper .  99.4  Cu,  0.6  8e . 

Leaded  copper .  9931  Cu,  1.0  Pb . 

Chromium  copper .  993)6  Cu,  056  Cr . 

Cadmium  copper .  99.00  Cu,  1.00  Cd . 


OOPPER  ALLOYS  (Coat’d) 

COMPANY  AND  TRADE  MANUALS 

Name  Nominal  Composition  (%)  Conductivity 


w/cm  deg  K 


Leaded  commercial  broose 
Leaded  commercial  bronae . 

Commercial  bronse . 

Low  leaded  brass . 

Low  leaded  braes . 

Medium  leaded  brim . 

High  leaded  brass . 

High  leaded  braas . 

Extra  high  leaded  bras  . 

Free  cutting  brass . 

Leaded  Munts  metal . 

Free  cuting  Munts  metal. . 

Forging  brass . 

Architectural  broose . 

Leaded  naval  braas . 


Leaded  tin  bearing  bronae . 

High  leaded  tin  broose  (bushing) . 

Dairy  broose . 

Leaded  oickel  brass . 


Special  Brasses: 

Admiralty  metal . . . 

Naval  bna . 

Manganese  bronse . 


Aluminum  brace . 

“Ambronxe-474" . 

“Ambroose-421" . 

Manganese  red  brara . 

Silicon  red  brass . 

Trumpet  brass . 

Arsenical  admiralty . 

Manganese  brass . 

Nickel  silver  18%-B . 

Nickel  silver  15% . 

Leaded  nickel  silver  12%. 

Phosphor  bronse  5%-A _ 

Phosphor  broose  8%-C _ 

Phosphor  bronse  10%-D  . 
Phosphor  broose  1.25%-E 
Phosphor  bronse . 


90  Cu,  9.5  Zc.  0.5  Pb 
89  Cu,  0.25  Zn,  1.75  Pb 
90.25  Cu,  6.9  Zn,  1.75  Pb,  1  Ni 
64  5  Cu.  35  Zn,  0.5  Pb 
67  Cu.  32.5  Zn,  0.5  Pb 

64.5  Cu,  345  Zn,  1.0  Pb 

62.5  Cu.  36.75  Zn,  1.75  Pb 

64  Cu,  34  Zn,  2.0  Pb . 

625  Cu,  35  Zn,  25  Pb 
615  Cu.  355  Zn,  3  Pb 

60  Cu,  395  Zn,  05  Pb . 

605  Cu,  38.4  Zn.  1.1  Pb . 

60  Cu,  38  Zn,  2  Pb . 

57  Cu,  40  Zn,  3  Pb 
60  Cu,  37  5  "  i,  0.7  to  1.76  Pb, 
0.75  Sn. 

37  Cu,  4  Zn,  88n,  1  Pb . 

80  Cu,  10  Sn,  10  Pb . 

64  Cu,  8  Zn,  20  Ni,  4  Pb,  4  Sn 
60  Cu,  16  Zn,  16  Ni,  5  Pb,  3  So. 


71  Cu,  28  Zn,  1  Sn . 

60  Cu,  39-25  Zn,  0.75  Sn . 

585  Cu,  39  Zn,  1.4  Fe,  1  Sn, 
0.1  Mn. 

76  Cu,  2?  Zn,  2  Al . 

94.97  Cu,  4.0  Zn,  1 .0  Sn.  0.03  P 

88.00  Cu,  10.0  Zn.  2.0  Sn . 

85.0  Cu,  14.0  Zn,  1.0  Mn . 

82.0  Cu.  17.0  Zn,  1.0  Si . 

81.0  Cu,  18.0  Zn.  1.0  Sn . 

71.0  Cu,  28.0  Zn,  1.0  Sn,  0.04  As. 

70.0  Cu.  29.0  Zn,  1.0  Mn . 

55  Cu,  27  Zn,  18  Ni . 

66  Cu,  19  Zn,  15  Ni . 

65  Cu.  20.7  Zn,  12  Ni.  2  Pb, 
05  Mn. 

95  Cu,  5  Sn,  trace  P . 

92  Cu,  8  Sn,  traoe  P . 

90  Cu.  10  Su,  trace  P . 

98.75  Cu.  1.25  Sn.  trace  P . 

98.7  Cu,  155  Sn,  0.05  P . 

9854  Cu,  1.76  Sn,  0.01  P . 

95.96  Cu,  4.0  Sn,  0.05  P 

95.75  Cu,  4.0  Sn,  0  25  P . 

95.17  Cu,  4.0  Sn,  0.08  P.  05  Fe . 

94.75  Cu,  5.0  Sn,  055  P . 

93.9  Cn,  5.0  Sn,  0.1  P,  1  Pb  . . . 

93.7  Cu,  6.0  So,  05  P. . .  . 

91.76  Cu,  8.0  Sn,  055  P . 

^.75  Cu,  10.0  Sn,  055  P . 

87.90  Cu,  4.0  Sn,  4  Zn,  4  Pb, 

0.1  P. 


Silicon  bronse  A .  96  Cu,  3  S . 

Silicon  bronse  B .  97  Cu,  15  Si . 

“Everd ur-1010" .  96.8  Cu,  3.1  Si,  1.1  Mn . 

“Everdur-1012" .  96.6  Cu,  3.0  Si,  1.0  Mn,  0.4  Pb. 

“Everdur-1015” .  9855  Co,  15  Si.  055  Mn . 

“EveriuMOM” .  90.75  Cu,  2.0  Si,  756  Al . 

6%  Aluminum  bronse .  96  Cn,  5  Al . 

.  92  Cu,  8  Al . 

10%  Aluminum  bronae .  88  Cu,  10  Al . 

.  825  Cu,  10  AL  5  Ni.  25.Fe.  . 


Aluminum  ailicon  bronae .  91  Co,  7  AL  2  Si . 

“Cakon" .  955  Cu,  25  AL  2.0  Sn. 


Chromium  copper .  99.06  Cu,  0.86  Cr . 

“Hitenao-961* .  99.0  Cu,  1.0  Cd . 

“Hitenao-965” .  98.8  Cu,  0.8  Cd.  0.6  So. 

Aluminum  bronse  89-1-10 .  89  Cu,  10  AL  1  Fe . 

Aluminum  bronse  86-4-10  .  86  Cu,  10  AL  4  Fe . 

Aluminum  bronse . .  875 Cu, 9  AL 35  Fe — 


CONDUCTIVITY,  mw/cm  deg  K 


COPPER  NICKEL 
ALLOYS 
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COPPER  ALLOYS  (Cont’d) 
COMPANY  AND  TRADE  MANUALS 


COPPER-NICKEL  ALLOYS 
See  also  the  “COPPER  ALLOY”  graph  and 


tables. 


Beryllium  Coppers: 


Beryllium  alloy  25.  . 
Beryllium  alloy  195. . 
Beryllium  alloy  10. . . 
Beryllium  alloy  50. . . 

Beryllium  alloy  20C . 
Beryllium  alloy  275C 
Beryllium  alloy  IOC . 


Nominal  Composition  (%) 

Conductivity 

State 

Curve 

97  Cu,  2  Be,  0.25  Co . 

w/cm  deg  K 

0.84 

1.05 

treated, 

quenched. 

As  above 

0.84 

plus 

chemically 

hardened. 

As  above 

0.75 

plus  cold- 
rolled. 
Solution 

Fig.  27;  L.- 

2  Be,  0.3  Co,  balance  Cu . . . 
1.7  Be,  0.3  Co,  balance  Cu. . 
0.5  Be,  2.4  Co,  balance  Cu. . 
0.4  Be,  1.55  Co,  1.0  Ag,  bal- 

1.21 

1.21 

2.26 

2.22 

treated, 

chemically 

quenched, 

cold- 

rolled. 

Ger.  silv. 

L.-Plat . 

Fig.  28;  Eu. 

ance  Cu. 

2.1  Be,  0.5  Co,  balance  Cu. . 

1.05 

Di.-con- 

stantan. 

2.7  Be,  0.5  Co,  balance  Cu. . 
0.6  Be,  2.5  Co,  balance  Cu. . 

0.96 

2.13 

Sc.-Ger. 

silv. 


Composition  (%) 

Conductivity  and  remarks 

Reference 

w/cm  deg  K 

About  62  O’,  22  Zn, 
15  Ni. 

"Neusilber”;  A=0.29  at 
0°C. 

L.  Lorens 
(1881). 

60  Cu,  40  Ni . 

“Constantan”;  A =0.23  at 
18°C. 

W.  Jaeger  and 

H.  Diesselhorst 
(1900). 

54  Cu,  46  Ni . 

*=0.21  at  18”C . 

E.  Gruneisen 
(1900). 

62  Cu,  22  Zn,  15  Ni. . . 

"German  silver" . 

C.  H.  Eecs 
(1908). 

Approx,  same  as  above . 

"Platinoid” . 

Da 

(0  Cu,  40  Ni . 

"Eureka”  or  constantan; 
A =0.21  at  irC. 

T.  Barratt  and 

R.  M.  Winter 
(1925). 

60  Cu,  40  Ni . 

51  crystals  per  cm;  also 
measured  samples  with 
other  crystal  sise. 

A.  Eucken  and 

K.  Dittricii 
(1927). 

1  Ni . 

*  =  1.50  at  83°K,  0.62  at 
21°K. 

E.  Gruneiaen  and 
E.  Goena 
(1927). 

64  Cu,  16  Ni,  20  Zn . . 

“Neusilber” . 

J.  Karveil  and 
K,  ScbSfer 
(1939). 

51 


COPPER-NICKEL  ALLOYS  (Cont’d) 


Curve 

Composition  (%) 

Conductivity  and  remarks 

Reference 

w/cm  deg  K 

stir. 

45.9  Cu,  42.1  Zn,  9.6 
Ni,  2.0  Pb,  0.15  Fe, 
0.05  Mn. 

“German  silver";  data  fits 
equation  k  *.5.3X10-* 
T*. 

J.  F.  Allen  and 
£.  Mendoia 
(1948). 

63  Cu,  20  Ni,  17  Zn. 

“Nickel -silver";  A  »  25.5 

K.  R.  Wilkinson 

mw/cm  deg  at  10°K, 
48.5  at  15%  71.1  at 
20% 

andJ.  Wilks 
(1949). 

70  Cu,  30  Ni . 

‘‘Cupro-nickel”;  * — 20.9 
mw/cm  deg  at  10% 
35.6  at  15%  50.2  at 
20% 

Do. 

■ML 

ooostan- 

tan. 

55  Cu,  45  Ni . 

R.  W.  Powers, 

J.  B.  Ziegler, 
and  H.  L. 
Johnston 
(1951c). 

20%  Ni. 

80  Cu,  20  Ni . 

Also  obtained  *  =  127  mw/ 
cm  deg  at  21.9%  and 
79.9  at  16.3%. 

J.  K.  Hulm 

(1951). 

Fig.  28;  B.- 

60  Cu,  40  Ni . 

&ODSiRQ- 

tan. 

(1951b). 

■Mfti 

si hr. 

47  Cu,  41  Zn,  9  Ni,  2 
Pb. 

Mean  diameter  of  crystals 
was  0.02  mm. 

Da 

Fig.  27;  Es. 
Zi.-Cu- 
10%  Ni, 
annealed. 

90  Cu.  10  Ni . 

Two  samples  which  were 
annealed,  one  a  single 
crystal 

and  J.  E. 

Zimmermann 

(1952). 

Two  samples  which  were 
cold-worked. 

Do. 

10%  Ni, 
odd. 

COPPER-NICKEL  ALLOYS  (Cont’d) 


Composition  (%) 

Conductivity 

99.73  Cu,  0.28  Ni,  .01  Fe,  .03  Mg . 

w/cm  deg  K  ' 

332  *.  ’ 

2.92  i.  ’ 

1.72  >.  ’ 

1.00  i.  « 

0.62  1.  « 

0.47  >.  * 

0.36  >.  « 

039  >.  « 

99.47  CU.  034  Ni,  .02  Fe,  .04  Mg . 

97.94  Cu,  1.97  Ni,  0.02  Fe,  .04  Mg . 

94.92  Cui  5.09  Nil  0.01  Fe,  .03  Mg . 

89.90  Cu,  10.07  Ni,  0.02  Fe,  .03  Mg,  .02  C . 

84.85  Cu,  15.07  Ni,  0.05  Fe,  .01  Mg.  .03  Mn . 

79.68  Cu,  19.79  Ni,  0.23  Fe,  .30  Mg . 

69.54  Cu,  30313  Ni,  0.05  Fe,  .95  Mg,  .13  Mn . 

Composition  (%) 

Conductivity 

State 

64.14  Co,  18.38  Ni,  0.19  Fe.  17,06  Zn,  03  Mn, 
.02  C. 

63.37  Cu,  19.89  Ni,  0.14  Fe,  8.22  Zn,  3.31  So,  5.4 
Pb.  0313  Mn. 

96,05  Cu,  3.01  Ni,  0.004  Fe,  .88  Si . 

96.05  Cu.  3.01  Ni,  0.04  Fe,  .88  Si . 

96.06  Cu,  3.01  Ni.  0.04  Fe,  .88  Si . 

74.07  Cu,  19.96  Ni,  0.09  Fe,  6.31  Zn . 

642S  Cu.  29.44  Ni,  0.07  Fe,  5.69  Zn . 

w/omdeg  K 

033  *. « 

038  •.  » 

0.76  >.  • 

1.58  *.  » 

1.69  *.  « 

0.39  >.  » 

0.28  *.  » 

Sand-cast 

Quenched. 

Reheated. 

Furnace-cooled. 

1  The  vetoes  were  determined  by  C.  8.  Smith,  E.  W.  Palmer  (1935)  at  20°C.  Some' 
times  the  composition  percentages  add  op  to  more  than  100. 

'The  copper-nickel  alloys  were  deoxidised  with  magnesium,  cold-rolled,  and  an¬ 
nealed  at  SOOT. 

’The  Miscellaneous  alloys  were  extensively  worked,  annealed,  and  slowly  cooled 
except  where  noted. 


COPPER-NICKEL  ALLOYS  (Cont’d) 
COMPANY  AND  TRADE  MANUALS 


Name 

Nominal  composition  (%) 

Conductivity 

Cupro-nickel  30%  . . 
Cupro-nickel  10%  . . 

70  Cu,  30  Ni . 

w/cm  deg  K 

0.29 

88.5  Cu,  10  Ni,  1.5  Fe . 

0.47 

Nickel  silver  18%-A. 

66  Cu,  18  Ni.  17  Zn . 

0.33 

Nickel  silver  18%-B . 

55  Cu,  18  Ni,  27  Zn . 

0.26 

Nickel  silver  15%. 

66  Cu,  15  Ni,  19  Zn . 

0.35 

55  Cu,  45  Ni . 

0.23 

84  Cu,  20  Ni,  8  Zn,  4  Pb,  4  Sn . 

0.23 

Leaded  nickel  brass 

60  Cu,  16  Nil  16  Zn,  5  Pb,  3  Sn . 

0.27 

Leaded  nickel  silver 

65  Cu.  12  Ni,  20.7  Zn,  2  Pb,  0.3  Mn  . 

0.40 

12%. 

SILVER  ALLOYS 


Curve 


Fig.  26; 
G.Re.- 
Ag-0 .4% 
Au. 

G.  Re-Ag- 
25%  An. 

G.  Re.-Au 
50%  Ag. 

Po.-Ag 

Solder. 


Composition  (%) 

Conductivity  and  remarks 

90  Ag,  10  Pd . 

w/cm  deg  K 

k =1.41  at  25*0 . 

80  Ag,  20  Pd . 

k=0.84  at  25°C  . 

70  Ag,  30  Pd . 

*=037  at  2S“C  . 

60  Ag,  40  Pd . 

A =0.45  at  25*C . 

50  Ag,  50  Pd . 

k =0.32  at  25°C. . . 

90  Ag,  10  Pt . 

*=0.98  at  25°C  . 

75  Ag,  25  Pt . 

A =0.38  at  25°C . 

70  Ag,  30  Pt . 

A-0.31  at25’C . 

67  Ag,  33  Pt . 

*=0.30  at  25°C . 

99.63  Ag,  0.37  Au. . .. 

75  Ag,  25  An . 

50  Ag,  50  Au . 

60  Ag,  15.5  Cu,  16.5 

"Easy-Ho”;  flame  annealed . 

Zn,  18  Cd. 

Reference 


F.  A.  Schulse 
(1911). 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

E.  Griineisen  and 
H.  Reddemann 
(1934). 

Do. 

Do. 


R.  L.  Powell 
(1953). 


GOLD  ALLOYS 


90  Au,  10  Pd . 

*=0.98at25“C . 

80  Au,  20  Pd . 

*=039  at  25°C . 

Do. 

70  Au,  30  Pd . 

*=0.44  at  25”C . 

Do. 

60  Au,  40  Pd . 

*=0.40  at  25°C . 

Da 

50  Au,  50  Pd . 

*=036  at  25°C . 

Do. 

90  Au,  10  Pt . 

*=0.76  at  25°C . 

Do. 

80  Au,  20  Pt . 

*=0.41  at  25'C . 

70  Au,  30  Pt . 

*=0.30  at  25°C . 

Da 

60  Au,  40  Pt . 

*=036  at  25°C . 

Do. 
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GOLD  ALLOYS  (Cont’d) 


Curve 

Composition  (%) 

Conductivity  and  remarks 

Reference 

ir/cm  cicjr  K 

92  atomic  %  Au,  8 
atomic  %  Pt. 

A  — 0.80  at  18°C 

and  J.O.  Linde 
(1930). 

84  Au,  16  Pt 

A  =0.18  at  18°C . 

Do. 

68  Au.  32  Pt . 

A  — 0.23  at  18°C . 

Do. 

55  Au,  45  Pt . 

A  — 0.21  at  18°C  . 

Do. 

Fin.  28; 

a.  Ro.- 
Au -50% 

Ag. 

11.  Reddemann 
(1934). 

Do. 

25 %  Ag. 

G.  Ro.-Au- 
26%  Cu. 

73  7  An  2fi  4  Cn 

Do. 

91  Au,  9  Cu . 

Do. 

9%  Cu. 

50.1  Au,  49.9  Cu . 

Quenched  from  800°C; 
k  =  0.193  at  86°K. 

Do. 

Same  as  above  except  an¬ 
nealed  22  hr  at  360°C; 

A  =  1.28  at  85°K. 

Do. 

Requenched  from  800°C; 
A =0.23  at  83°K. 

Do. 

Annealed  30  hr  at  320°C. . . 

Do. 

50%  Cu. 

G.  Re.-Au- 
9%  Pd. 

91.2  Au,  8.8  Pd . 

Tempered  at  800°C  for  2 
hr. 

Do. 

83  Au,  17  Pd . 

Annealed  2  hr  at  8 00°C; 
approx,  same  curve  as 
“Ag-25%  Au". 

Do. 

69  Au.  25  Ag,  6  Pt  .  . 

A =0.53  at  room  tempera¬ 
ture. 

Trade  Manual. 

INDIUM,  THALLIUM  ALLOYS 


66  Tl,  34  Pb . 

For  a  sample  with  “large" 
crystals,  A =0.22  at  273° 
K,  0.13  at  80°K;  for  a 
sample  with  “small" 
crystals,  A =0.23  at  273® 
K,  0.14  at  80°K. 

K.  Dittrich 
(1927). 

67  Tl,  34  Pb  by  atomic 
percent. 

Measured  relative  change 
of  thermal  conductivity 
when  the  alloy  became 
superconductive. 

W.  J.  de  Haas 

and  H.  Brem- 
mer  (1932). 

Fig.  29,  29a; 
Br.  H.-In- 
9%  Pb. 

91.4  In,  8.6  Pb  by 
atomic  percent. 

Became  superconducting 
at  4.2®K. 

H.  Bremmer  and 
W.  J.  de  Haas 
(1936). 

Br.H.-Pb- 
50%  In. 

50  In,  50  Pb  by 
atomic  percent. 

Became  superconducting 
at  6.54°K. 

Do. 

Fig.  29a; 
Hu-In- 
10%  Tl. 

90  In,  10  Tl  by  atomic 
percent. 

Single  crystal;  measured 
both  in  the  normal  and 
superconducting  state; 
transition  temperature 
about  3.4®K. 

J.  K.  Hulm 
(1952b). 

ZINC  ALLOYS 


Trade 

Designation 

Nominal  composition  (%) 

Conductivity 

t/ern  deg  K 

96  Zn,  4  Al,  0.04  Mg . 

1.13 

“Zaiuak-5" . 

95  Zn,  1  Al,  1  Cu.  0.04  Mg . 

1.09 

1.05 

99.8  Zn,  0.08  Pb 

1.09 

Do 

99.8  Zn,  0.06  Pb,  0.06  Cd . 

1.09 

Rolled  zinc  alloy, 
'*Zilloy-15’‘. 

98.7  Zn,  1  Cu,  0.01  Mg  . 

1.05 

CADMIUM  ALLOYS 


Curve 

Composition  (%)  j 

Remarks  j 

Reference 

Fig.  29; 

Eu.  <  iO.- 
Cd-33% 

Sb. 

Eu.  Gr.-Cd- 
50%  Sb. 

66.7  Cd,  33.3  Sb  . . 

A.  Kuckcn  and 
G.  G.hlhoff 
(1912). 

Do. 

50  Cd,  50  Sb 

MERCURY  ALLOYS 


Composition  (%) 

Remarks 

Reference 

98.8  Hg,  1.19  In... 

Measured  ratio  of  conductivities  in  normal 
and  superconducting  states. 

J.  K.  Hulm 
(1950). 

See  also  the  graph  and  table  under  “Metal¬ 
lic  Elements’ . 

TIN  ALLOYS 


Curve 

Composition 

Remarks 

Reference 

Figs.  18a,  b. 

Up  to  4%  mercury . . . 

See  table  under  Figs.  18a,  b, 
“Metallic  Elements”. 

J.  K.  Hulm 
(1950). 

Do  . .  . 

B.  B.  Goodman 

(1953). 

TIN  ALLOYS  (Cont’d) 
COMPANY  AND  TRADE  MANUALS 


Name 

Nominal  Composition  (%) 

Conductivity 

Eutectic  eoft  solder. . 

63  Sn,  37  Pb . 

w/cm  deg  K 

0.50 

0.59 
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CONDUCTIVITY,  mw/cm  deg  K 


Curve 

Composition  (%) 

Remarks 

Reference  Name 

Nominal  composition  (%) 

Conductivity 

Fie.  29;  Br. 

66  Pb.  44  Sn . 

Not  in  solid  solution . 

H.  Bremmer  and 

w/cm  deg  K 

H.-Pb- 

W.  ).  de  Haas 

44%  Sn. 

(1936).  Corroding  lead . 

99.73  Pb . 

0.35 

1%  antimonial  lead . 

99  Pb,  1  Sb . 

0.33 

90  Pb,  10  Bi . 

96  Pb,  4  Sb . 

0.31 

intermediate  state  and 

and  R.  B.  Do . 

94  Pb,  6  Sb . 

0.29 

as  a  function  of  mag- 

Pontius  8%  antimonial  lead . 

92  Pb,  8  Sb . 

0.27 

netic  field. 

(1937).  Grid  metal . 

91  Pb,9Sb . 

0.27 

5-95  soft  solder . 

95  Pb,  5  Sn . 

0.36 

Fig.  29a; 

70  Pb,  30  Sn . 

Measured  in  normal  and 

K.  Mendelssohn  20-80  soft  solder . 

80  Pb,  20  Sn . 

0.37 

M.O.-Pb- 

superconductive  states. 

and  J.  L.  Olsen  50-50  soft  solder . 

50  Pb,  50  Sn . 

0.46 

30%  Sn. 

(1950a).  Lead  base  babbitt . 

80  Pb,  15  Sb,  5  Sn . 

0.24 

Do . 

75  Pb,  15  Sb,  10  Sn . 

0.24 

Fig.  29; 

99.9  Pb,  0.1  Bi . 

Do. 

M.  O.-Pb- 

0.1%  Bi. 

M.O.-Pb- 

90  Pb,  10  Bi . 

Note  that  the  thermal  con- 

Do. 

10%  Bi. 

ductivity  in  the  super- 

conductive  state  was 

higher  than  in  the  nor- 

mal  state. 

M.O.-Pb- 

99.8  Pb.  0.2  Bi . 

Measured  in  normal  and 

K.  Mendelssohn 

0.2%  Bi. 

superconductive  states. 

and  J.  L.  Olsen 

(1950c). 

M.O.-Pb- 

99.5  Pb,  0.5  Bi . 

. do . 

Do. 

0.5%  Bi. 

Fig.  29s;  0.- 

70  Pb,  30  Bi . 

. do . 

J.  L.  Olsen 

(1952). 

Bi. 
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CONDUCTIVITY,  mw/cm  deg  K 


?*ig.  29;  L.- 
De.  N  e  -  H  i  - 

80%  Sb. 

3e.  Ne.-Bi- 
20%  Sb. 

Ge.  Ne.-Bi- 
13%  Sb. 

Ge.  Ne.-Bi- 
11%  Sb. 

Ge.  Ne.-Bi- 
9%  Sb. 

Fig.  29.  29a; 
Br.H.- 
Roee. 


Composition  (%) 

RemaritB 

Reference 

50Bi.25Pb.14Sn.  11 
Cd. 

“Lipowits  alloy” . 

C.  H.  Lees 
(1908). 

50,  Bi.  50  Sb . 

G.  Gehlhoff  and 
F.  Neumeier 
(1913). 

80  Bi,  20  Sb . 

Do. 

87  Bi.  13  Sb . 

Do. 

89  Bi.  11  Sb . 

Do. 

91  Bi,9Sb . 

Do. 

50  Bi,  25  Pb,  25  Sn _ 

"Rone’s  metal” . 

H.  Bremmer  and 
W.  J.  de  Haas 
<1936). 

Ge.-Cd- 
50%  Sb. 

Du.  Ge.-Sb- 
48%  Cd. 

Du.  Ge.-Sb- 
33%  Cd. 


Composition  (%) 

Remarks 

Re  erenee 

50  Sb.  50  Cd . 

A.  Eucken  and 

G.  Gehlhoff 
(1912). 

51.7  Sb,  48J  Cd . 

Do. 

66.7  Sb,  33.3  Cd . 

“Very  hard” . 

Do. 

70  Sb,  30  Bi . 

G.  Gehlhoff  and 

F.  Neumeier 
(1913a). 

50  Sb,  50  Bi . 

Do. 
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2.4.  Dielectric  Crystals 


This  section  is  not  comprehensive  but  is  representative  of  the  dielectrics. 
There  have  been  few  measurements  on  the  conductivity  of  dielectrics  at 
low  temperatures.  However,  three  series  of  experiments  especially  worth 
noting  in  this  short  summary  are  A.  Eucken  and  G.  Kuhn  (1928),  W.  J.  de 
Haas  and  T.  Biermasz  (in  late  1930’s),  and  R.  Berman  and  others  of  the 
Clarendon  Laboratory  at  Oxford  (1950’s). 

The  following  miscellaneous  dielectrics  were  measured  by  A.  Eucken  and  G.  Kuhn 
(1928)  (all  percentages  are  mole  percent): 


Name 

Remarks 

Conductivity 
mw/cm  deg  K 

Name 

Remarks 

Conductivity 
mw/cm  deg  K 

83°  K 

273°  K 

83°  K 

273°  K 

42 

33 

25%  KBr, 

46 

33 

Do . 

99.99%  CaCOa . 

54 

38 

75%  KCI. 

Do  . 

50 

33 

10%  KBr, 

80 

50 

Calcite . 

Main  crystal  axis  perpendicular 

180 

46 

90%  KCi. 

to  rod  axis. 

50%  KCI, 

188 

71 

Do . 

Main  crystal  axis  parallel  to  rod 

293 

64 

50%  NaCl. 

KNOj. . 

17 

21 

159 

75 

17 

13 

KCI . 

314 

88 

KC1. . . 

402 

92 

NH4C1 . 

109 

25 

NaCl . 

343 

92 

NH4Br . 

67 

25 

NaCl  . 

251 

71 

Ba(NOs)j . 

33 

13 

180 

63 

29 

21 

343 

84 

Sulfate. 

KCI 

243 

75 

25 

25 

KCi . 

368 

92 

sulfate. 

KCI.  . 

402 

96 

K4(FeCNe)  .  .  . 

17 

17 

KBr 

92 

38 

13 

21 

NaBr . 

50 

25 

13 

21 

KI . 

121 

29 

alum. 

KF . 

234 

71 

Main  crystal  axis  perpendicular 

17 

21 

NaF . 

519 

105 

bichromate. 

to  rod  axis. 

Rbl . 

59 

33 

Do . 

Main  crystal  axis  parallel  to  rod 

17 

17 

RbCl . 

29 

21 

axis. 

90%  KRr. 

50 

29 

234 

63 

264 

75%  KBr, 

29 

21 

Beryll . 

88 

84 

25%  KCI. 

38 

46 

60%  KBr. 

25 

25 

60%  KCI. 

CONDUCTIVITY  w/cm  deg  K 


Curve 

Remarks 

Reference 

Curve 

Remarks 

Reference 

Fig.  30  and 

In  addition  to  the  two  curves,  they 

W.  J.  de  Haas  and 

Figs.  30,  30a; 
B-  S-l. 

Curve  S-l;  artificial  single  crystal 
sapphire  (corundum);  6  mm 

R.  Berman  (1951). 

30a; 

H.Bz.-D. 

B.  S.  Z.-  D.-l . 

obtained  £=14.3  at  89°  K. 

Measured  the  "size  effect"  in  dia¬ 
mond  crystals  of  square  cross- 
section.  #1  was  3.9  mm  wide, 

T.  Biermasz 
(1938). 

R.  Berman, 

F.  E.  Simon, 
and  J.  M.  Ziman 

Figs.  30,  30a; 

long,  diameter  of  3  mm;  at  low¬ 
est  temperature,  k =2.7x10”*  T*; 
main  crystal  axis  inclined  36° 
to  rod  axis. 

Same  crystal  as  above  except  1.5 

R.  Berman  (1952). 

#2  was  3.1  mm  wide,  #3  was  1.7 
mm  wide,  #4  was  1.1  mm  wide. 
They  used  a  type  I  stone.  All 
were  several  centimeters  long. 

(1953). 

B.-  S-2. 

Figs.  30,  32; 
"Alumina". 

mm  diameter. 

Sintered  alumina;  density  3.70 
g/cm*  (95%  of  single  crystal); 
grain  sizes  about  5  to  30  microns.  ! 

Do. 

57 


CONDUCTIVITY,  w/cm  deg  K 
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8  10 
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TEMPERATURE  ,°K 


QUARTZ 


Curve 

Remarks 

Reference 

Figs.  31,  30a; 
H.  Bz. 

A  single  crystal  with  principal  axis 
parallel  to  rod  axis;  5  cm  long, 
0.3  cm  diameter. 

W.  J.  de  Haas  and 
T.  Biermaaz 
(1935). 

H.  B.z-1 . 

A  single  crystal  with  rod  axis  per¬ 
pendicular  to  principal  crystal 
axis  and  parallel  to  bisector  of 
two  binary  axes;  diameter  0.216 
cm. 

W.  J.  de  Haas  and 
T.  Biermaaz 
(1937). 

H.  Bz.-2 . 

Same  as  above,  except  diameter 
0.454  cm. 

W.  J.  de  Haas  and 
T.  Biermaaz 
(1938a) 

H.  Bz.-2A _ 

Same  rod  as  2,  except  diameter 
ground  down  to  0.359  cm. 

W.  J.  de  Haas  and 
T.  Biermasz 
(1938b). 

Fig  31;  B.-l, 
2,  3, 4;  HI, 
2,  3,  4,  5,  6, 
7,  8. 

Single  crystal  5  cm  long;  square 
croes-section,  5  mm  on  a  side; 
rod  length  perpendicular  to  prin¬ 
cipal  axis;  #  1  was  without  neu¬ 
tron  irradiation;  #2  was  with  1 
unit  irradiation;  #3,  second  ad¬ 
ditional  irradiation  of  1.4  units; 
#4,  third  additional  irradiation 
of  16.5  units.  The  "H”  curves 
were  after  heating  as  follows: 
#1,  300°C  for  8  hrs.;  #2,  400°C 
for  6  hrs.;  #3,  500°C  for  6  hrs.; 
#4,  565°C  for  6  hrs.;  #5,  540°C 
for  60  hrs.;  #6,  540°C  for  677 
hrs.;  #7,  600°C  for  1  hr.;  #8, 
700°C  for  6  hrs. 

R.  Berman  (1951). 

■  itIIIIIUI  I 


liiaiiuiiiiiiiimiimiiimi 

- nld^i 


Eillltiui 


I  Man  Min 

■  i**'"  . 

liiiiiaiiiifimmtiuiiiHm 

^maifliiu  nntmi MiiE.  iu 


i 

inui.i.i.^.SSSSSiNHl 

mi  nitaiaiiiiiiMi&Sai 
iiiiiiuiiiiiiittiaiaiHaaaBaifiiaL 

u  iimi  i  mi  min  ■<■■■■■  ■■■■■■■ 

nn  iiiii,imii|«MMM|Md 
mi  niiaaiiiiml 

!!i!i!BSS8SSR!ii|MiHnfr?«SS8lIiam!ia^aM!mr^iiiiM 

iiiiiiiiiiaiii.:aMuauM»Hiiaiinnan^«BHaflmiifli  laaiiir  .iiiiiiiniiiuH 

i;;;  :::::::;::::;wz^sassssassai5sss:saaass^rass5agss;:: 

in  >iiiiiiiMiiaak  'aaaM*iui<miiaaaaaaa^  ’'■■asBBBBaBBBaBBBMieiiaaaBaaBBiaiMM 

•  in  iiiimiiiiiiiBaaw  . . ■■■^■a^>  -««aa»n| 


imlSSiiiiiiiiiaa 


...iiiiiiiiii!»it  !!1‘ 
laMBliliaaBar- -  • 

* . . 

...  .mail  iHiiiiiiiiniiiia* 
i»'*H!iiiin  niitiiiMiiitiiL 

— iiitini  iimiiiiiimii 
. iiiiuiiniiiiiir 


Hi|Uiijii|!!];!)i!!!;!(!!;{!ij|fii;i^ii^j{iiii  in-  .  g  -  h 


.niimtitiiiiiHiiii 

iiuiiniiiiiiuiuin 
iiiiiiimituilimf. 

iiiaiiiiiniiiiiiniii 

I IIIHIIHI  lllllltill 

niimiHiiimniii 

llillllllilllflltlltli 

_  _ fimnmumit/m 

■laiiiaiiiikiiiiiiiiiiiiiiiiiiii 


•  ■■■•■••Mil 

hiadsaiara 

[■llllllllll 

laaiiaiiiin 

. . . 

■  ibiiiiiiiii 

limmiiiii 


i!iiiiuuiSiiSSSSSSSSaSaSB!S*ritSv'<aSSaSSaaSSMS3iSiUik*‘iii!!'iiSS 

iiiiiiaaia  ••■■aaamimiiiai  w  iflHHaBaaaaiaai(iaiiiaaii..'iii.. 


RfTTmtuaMiiatMMaHaMHaaaaaaasMaiaa^Mu 
uiMiiiiaMiMiaiaaaaHaaaaaaaaaa  .aaair  J 
liiimiiiiauiiiiiiBaaaaaaaaaa|ai|a|ad 

miiiiiUHijijM 


jiaiSjjl!  jj' 


mmi  1111111111  mu  M 
-•  . . . 

. . .  •  minummiii 

PMPIIIimmilllillVIllVPiSnHBIaaBBaiaiaiiaiiilliiiiiuiimiiaaaBrtlBBMBMi 

iiianiiiiiiaiaHBaaaBaaaaa'.aaiir^aaiaaiPHapaaaaaaaiaaiiiiiaiiiiiiiiiiaaMl 

ImTitiaiiimiiaaBaBBaaBr^iiaa.iiaiaaBaiBBBBBafiaBBiifBiaBaiitMiiij 


mm 


I::::3i::ii28sss;rs:|u;au:::i3as:it::::l 

iiir-iiiiilliiiiiiliifflimiiiiiiiilll 


■  ■*Maaiaa»iimaii 


aaiMaaaaiini 


•uaiatiima 


'  ESSSSSSSSSSSSSSS!SSSS'2S*SS!SS!!i 


iSSSiiSmiaMaSStSSSS 

5 

sssssasi 

ss 

sfliss; 

1 

ssi 

=isiiliiiliiiiiSs= 

3 

= 

Hi 

sissIsIliEHilsiE 

si 

SSlrllll 

III 

iilliliiiliiilil 

ss 

S& 

EsEEEE: 

ii-’IIaZa.IIal  2  E  2  2  2  PB.SCalZai  <2 

::*““!:-.!!!!S!!S!!SfiB9&9S9SfiSS2SB9S9S!S 

55 

;  i  !  iliiliiliils 

= 

ii| 

iilii 

1=111111111= 

33 

iiiiiii 

- - in ••  1 1 ■  i •  1 1 n i  .iiiuuiiaa-  imiia 

.  . . . . — - 

BaaaitaiaMnaiaaiaaaiiaaai' 
■laaiaaaaaiitnamifiuxi  m... . . . . 

liaaaiMiiiiiiiiiiiiiiti’.tmiiiiiiiiiriaaiiiiiiiB 
liBaaiaiaiiiiiiiiiiiiii  <iiiiiiiiiiiir.<iBiiimiia._ 
B  i  as  ■■  an  tin  111  mu  iitc  ilia  iiiiii  .iiiiaaaimiiaap 
lllllllllllltllllllMUIlllllliir.iiiilllllllllllBfl 

laiiiiaiiimiinMiimiiiiii iiMMiaiiiiiiiiM 
lifliaaiiiiiiiif'iiiiiiiiitiir.  mi  iiiiifliaiiiiiiBBB 


aaaaaaaaaaiaaiaa 
BBaaaBiaaaaiiiaB 
mmmmmmmmmmmmmmmu 
■  ■■■■■a>B«aaaaaB 
■■■■■■■■■■aaaflip 

■BBBBBIBBBIIIIIB 

BBBBBBIBBIIBIIIB 

BBBBBBIBIBIIIIBB 


■  ■■•>a5aIaaa*«(aS>*SSSSMiS'M(ii!!i!!»!im!i'!i<l!M>i!!«!Si!!iS5SS53sBSaBBBaaSa!IaiSaiS5«aBa>>l 

■  <  a  a  ■  ■  Hi . I .  . . . .  i  .  . . . 

—  ■  a  » - laBBaaBaBBiininniamaiiiii'iiiiiiii .  11  laaliaiiiiBBBBaiaBain  aaaiiuiaiaiBBBa  ■  ■  ■  ■  B 

. . . . . 

.  . . . . . . . 

BaBaaaBBaBflaiaBiaBiaiiaaaiiiiiiiiiiiiiiiaiiiniiiiiiiiiiBianiiiiaBBBaiaBvaaBBiBaaaiiasaaaaBiBBl 

iBBBaBBaiBIIIIIIIIIIIIIIIIBIIIIIHIIIIIIIIIIIHIIIIIIUIIIIIIIIllllBIBiHBBBflBBBBBBBflBIBBIfliUaBaaBBlI 


■BBBBBBBiailllBIIBflIIIBItllllllllllllllimiinilllllllllllllBIII 


_  ,_aaaaa*i  .bimiimm 
limiam  iMiiiiinii 


IIIBMIiaailBBiBliBBB 


BBBBB  I  III  II  III  I  till  llllllllll  llllllllll  Hill  1111 1 1  llllllllll 

■  ■BBaaaaaSBaaa<«MMMMaiaM(iiiiiMiM|||iMMMMa^^MI 

aaaaiiasaaiMiiiiMoitiaiiiiiiiiM'iiii 
BaaakiiMMiiiiiaiiaiiiiiiiiiiiiiiniij 
aaaaaataaa . . . . ill 


■■■■■■■■■iiiniiiiiiaai 

■■■aaaaHaaiiiBuaiiiHB 

■■■aaaaaiaaiiiiflBaiama 


•  IIBBBBBIIIIB 


SSSSSSaSSSSSSSSSSS 


-iUi|li!j:3=sisiissiiiii=I::ii=5i»!iiii| 

i  :::::i:ii:£E=5ii|S5lsis?isi:s:  “ " "!!" 

I  jl;li!!S5SSH5==H^5£l=lilIitSS=SS§5£f  il 


6  8 


IONIC 


Remarks 


Reference 


W.  J.  de  Haas  and 
T.  Biermaaz 
(1937). 


Remarks 


Reference 


Ri.  32-B.  Sintered;  density  2.94  g/cm1  (97%  R.  Berman  (1952). 
r,Beryllia’\  of  single  crystal);  crystallites 
with  dimensions  between  10  and 
40  microns;  £«3.8  at  90°K. 


W.  J.  de  Haas  and 
T.  Biermaaz 
(1938a). 

D.  Bijl  (1949). 


C.  V.  Simson 
(1951). 
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TEMPERATURE,  K 


DISORDERED  DIELECTRICS 


Curve 

Composition 

Reference 

Fig.  33; 

St.-Py. 

R.  W.  B.  Stephens 
(1932). 

Fig.  33; 
Wn.Ws.- 
Ph. 

"Phoenix”;  boro-silicate  glass . 

K.  R.  Wilkinson 
and  J.  Wilks 
(1948). 

Fig.  33a; 

D.  Bijl  (1949). 

Bj.-J.G.20. 

Bj.-T . 

Do. 

BJ.-J16  III... 

Bj.-M . 

Do. 

Do. 

Fin.  33,  33a; 
B.-Ph. 

R.  Berman  (1951). 

B.-Q . 

Quartz  glass:  upper  curve  is  for  a 
sample  rod  witn  approx.  7.5  mm 
diameter;  lower  curve,  6  mm 
diameter. 

Do. 

B.-Per . 

Do. 
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